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ABSTRACT 
A PRELIMINARY STUDY ON THE BIOCONTROL OF 
DOLLAR SPOT (SCLEROTINA HOMEOCARPAI AND BROWN PATCH 
fRMZOCTONIA SOLANI! ON CREEPING BENTGRASS BY 
AN ISOLATE OF STREPTOMYCES 
FEBRUARY, 1992 
HELEN M. REUTER, B.A., CARLETON COLLEGE 
M.S., UNIVERSITY OF MASSACHUSETTS 
Directed by Dr. Gail L. Schumann 
An isolate of Streptomvces. coded Strept F, demonstrated suppression of 
Sclerotinia homeocarpa F. T. Bennett and Rhizoctonia solani Kuhn in laboratory 
experiments. In pot bioassays, a Strept F liquid culture treatment significantly 
suppressed the saprophytic growth of both pathogens by 70%, and a Strept F- 
bran formulation significantly suppressed the growth of R. solani by 36%, 
compared to untreated controls. There was complete inhibition of R. solani and 
S. homeocarpa growth when mycelial plugs were placed on Strept F-colonized 
substrates. 
Strept F was less effective in field trials. In 1990, a liquid culture 
treatment applied every 21 days, with a nitrogen amendment, apparently 
decreased the incidence of dollar spot by approximately 60% and 40% compared 
to the untreated control and a nitrogen-amended untreated control, respectively. 
However, the reduction was not statistically significant at P = 0.05. A 50% 
reduction in brown patch development was observed by the Strept F topdressing 
IV 
treatment compared to the untreated control, but again, the difference was not 
statistically significant at P=0.05. 
The most effective Strept F treatment in 1991 was a cell suspension 
applied every 7 days. While it did not significantly reduce the incidence of dollar 
spot, it significantly (P=0.05) reduced the incidence of brown patch by 
approximately 75% compared to the untreated control. However, a Strept F- 
topdressing treatment, showed only limited suppression, while the control- 
topdressing treatment was more suppressive than the 7-day cell suspension 
treatment. Moreover, the relative population size of actinomycetes did not 
respond to treatment in 1991 field trials. This result, along with the inconsistency 
of disease suppression by Strept F treatments, suggests that the Strept F 
propagules did not survive field application. 
v 
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CHAPTER I 
LITERATURE REVIEW 
Introduction 
The biological control of plant diseases is becoming the goal of scientists, 
growers, and the agricultural industry as effects of chemical pesticides on human 
health and the environment come increasingly into question. Fungicides, 
previously thought to be among the least toxic pesticides, now have an uncertain 
future as research shows their use may result in long-term health effects, 
including cancer [National Research Council, 1987]. The Environmental 
Protection Agency has restricted the use of some fungicides and is reviewing 
other potentially harmful ones. Furthermore, some states, including 
Massachusetts, may require their own registration data. These new regulations 
are likely to indirectly increase the cost of pesticides and/or lead to voluntary 
withdrawal of many registrations by chemical companies. Another major 
concern about the long term use of some fungicides is the development of 
fungicide-resistant strains of pathogens. 
In the humid northeastern United States, the use of fungicides is common 
for many crops, but especially noteworthy is the intensive use for turfgrass 
diseases on golf courses, grounds, athletic fields, and home lawns. The high 
public exposure in these areas makes any possible risk of fungicide use of 
greater legal concern. For example, a recent report by the United States 
General Accounting Office examined the advertising claims made by lawn care 
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companies regarding pesticide safety and the reregistration status of 34 lawn care 
pesticides [U.S. General Accounting Office, 1990]. Turfgrass, however, presents 
among the greatest disease management challenges because it is a perennial 
crop and is often placed under severe stress by intensive management such as 
low mowing heights, substantial fertilization, frequent irrigation, and other 
practices which spread pathogen propagules. Two turfgrass diseases which 
account for a significant portion of fungicide use, especially on golf course 
greens and tees, are dollar spot and brown patch. 
Dollar Spot 
Dollar spot is caused by species of fungi currently considered to be in the 
genera Moellerodiscus and Lanzia. The causal agent was formerly classified as 
Sclerotinia homeocarpa F. T. Bennett. The disease occurs throughout most of 
the United States on a wide variety of grasses, including bentgrasses (Agrostis 
spp.), especially creeping bentgrass (A. palustris Huds.), bluegrasses (Poa spp.), 
fine-leaved fescues (Festuca spp.), ryegrasses (Lolium spp.), bermudagrass 
(Cvnodon dactvlon (L.) Pers., and zoysiagrass (Zovsia japonica Steud.) [Shurtleff 
et al., 1987]. It is considered among the most persistent diseases on golf courses 
in North America, Japan, and Australia [Smiley, 1983], especially on putting 
greens of Agrostis spp. where it can result in severe damage [Smith et al., 1989]. 
The dollar spot fungi survive unfavorable growing periods as dormant 
mycelia in living and dead grass plants or as black, paper-thin stromata on 
foliage or in the soil [Shurtleff et al., 1987; Smiley, 1983]. Although biotypes 
from different geographical areas, and perhaps different fungal species, have 
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different optimal growing conditions, mycelial growth is generally favored by 
moderate temperatures (15-25 C) and periods of high humidity in the grass 
canopy [Smith et al., 1989]. Outbreaks usually occur during late spring and early 
summer, and again during late summer and early fall. Disease is reduced during 
very hot conditions. The mycelium grows into humid air, bridging the individual 
grass blades to form white spider-like webs. These are especially prevalent in 
morning dew. The guttation fluid, rich in amino acids and sugars, acts as a 
nutrient source. The mycelium enters the grass either through cut leaf tips or by 
appressoria penetrating stomata. If the grass is growing vigorously or if 
conditions favorable for fungal growth do not continue, the grass outgrows the 
infection. However, if either of these conditions is not met, disease can result in 
the death of infected plants [Smith et al., 1989]. 
On closely mown turf, dollar spot appears as small circular straw-colored 
sunken spots, rarely larger than 5 cm [Smiley, 1983]. The spots may coalesce to 
form larger, irregular patches if favorable conditions continue, and the disease is 
not managed. The disease appears as irregularly shaped patches of blighted 
grass, 2-15 cm or more across on higher cut turf, such as home lawns [Shurtleff, 
1987]. Lesions on individual infected blades usually extend the width of the 
blade and are a bleached tan color, characteristically bordered above and below 
by a reddish brown margin. 
The disease is more severe on turf with low nitrogen fertility or under 
moisture stress. This may be due to the inability of the grass to outgrow the 
fungi under these conditions or to the fact that nitrogen-deficient grass provides 
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more nutrients for the saprophytic growth of the fungi. Endo [1966] 
demonstrated that the dollar spot fungi need a food base to grow saprophytically 
prior to infection. The two other major turf nutrients, phosphorus and 
potassium, and soil pH have little reported influence on the disease [Smith et al., 
1989]. 
It is widely accepted that dollar spot incidence and severity can be 
managed by appropriate cultural practices, including: the removal of guttation 
fluid and water on the foliage, thorough but infrequent irrigation, moderate 
nitrogen fertilization, and planting of resistant cultivars. However, there is still a 
high dependency on fungicides for the control of this disease. Fungicide 
treatment programs usually include a preventive spray when average daytime 
temperatures are consistently at 18-21 C. Applications are typically repeated 
every 7-10 or 10-21 days depending on the fungicide used [Smith et al., 1989]. In 
the United States there is a very large group of registered fungicides effective 
against dollar spot, including organic protectants (chlorothalonil, mancozeb, and 
anilazine) and systemics, such as benomyl, the thiophanate compounds, 
dicarboximides (iprodione, vinclozolin) and sterol inhibitors (triadimefon, 
fenarimol, and propiconazole). However, even with the more effective systemics, 
a high number of sprays must be applied during the lengthy dollar spot season. 
Furthermore, if an initial spray is postponed until symptom development, the 
rate must be higher and subsequent sprays more frequent [Smith et al., 1989]. 
There are two further problems with fungicide use for dollar spot. First, 
there may exist local variation in sensitivity of the fungi to different fungicides, 
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and therefore, no guarantee can be made that a particular fungicide will be 
equally effective in all areas [Smiley, 1983]. Secondly, dollar spot fungi have 
been shown to become tolerant to cadmium, anilazine [Nicholson et al., 1971] 
and to the dicarboximide [Detweiler et al., 1983] and benzimidazole fungicides 
[Warren et al., 1977]. 
Brown Patch 
Brown patch is a widely occurring turf disease that is caused by the 
ubiquitous fungus, Rhizoctonia solani Kuhn. The teleomorph. Thanatephorus 
cucumeris (A.B. Frank) Donk, has been shown to exist in turfgrass, although its 
distribution and significance is unknown [Smiley, 1983; Smith et al., 1989]. 
Other species of Rhizoctonia have been implicated in the disease, but their exact 
roles have not yet been determined [Smith et al., 1989]. 
The disease is common in areas with warm temperatures and high 
humidity in the United States, Canada, Europe, Africa, Australasia, and Japan 
[Smith et al., 1989]. Although the fungus is pathogenic to all grass species 
[Smiley, 1983], especially vulnerable are close-mown, intensively maintained 
Agrostis spp. and annual bluegrass. Poa annua L. [Smith et al., 1989]. Higher 
cut tall fescue fFestuca arundinaceae Schreb.) is particularly susceptible during 
hot, humid weather [Martin et al. 1983]. 
The fungus survives unfavorable environmental conditions as bulbils (or 
sclerotia) in thatch, infected plant tissue, and in the top 1.25 cm of soil [Shurtleff 
et. al., 1987] or as dormant mycelium in live and dead plant tissue [Smith et al., 
1989]. In tall fescue, sclerotia have been found more commonly in infested 
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debris than freely in the soil [Martin et al., 1983]. The bulbils (hard, melanized, 
roughly circular masses of dormant hyphae, 0.1-10 mm in diameter) are resistant 
to fungicides and extreme environmental conditions [Smiley, 1983]. When 
prolonged favorable environmental conditions occur (> 28 C and humid), the 
bulbils germinate using their reserved food source, and their hyphae spread 
radially in the upper soil and thatch to form roughly circular colonies [Smiley, 
1983]. As with the dollar spot fungi, guttation fluid serves as an important later 
food source, probably required for rapid saprophytic growth and subsequent 
invasion of the leaf tissue. Guttation droplets also act as bridges for R. solani 
hyphae to move beyond individual grass blades [Smith et al., 1989]. 
The hyphae enter the leaf through the cut end of blades, through stomata, 
or by direct penetration from appressoria. Once inside, the fungus moves intra- 
and inter-cellularly to cause collapse, water-soaking, discoloration, and death of 
the tissue [Smith et al., 1989]. Infected grass blades turn from green to purplish 
green to light brown. During prolonged hot and very humid periods, a "smoke 
ring" may occur around the border of the diseased patch. It is composed of 
fungal mycelium and recently infected grass blades which have just wilted. The 
patches can enlarge (up to 50 cm and 15 m across on close- and high-cut turf, 
respec-tively) very rapidly under these conditions, and whole plants can be killed. 
However, often only individual blades are killed, with new leaves emerging from 
the crowns with a change in weather [Smiley, 1983; Smith et al., 1989]. Exact 
symptoms vary according to weather conditions, mowing height, grass species, 
and Rhizoctonia species and anastamosis groups [Smiley, 1983]. High nitrogen 
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levels and low levels of potassium and phosphorus increase disease severity 
[Shurtleff et al., 1987]. 
Cultural practices can help suppress brown patch development. These 
include: proper irrigation timing to minimize leaf wetness, removal of guttation 
fluid, good drainage, increased air flow across the turf, and balanced fertility. 
However, unlike dollar spot, brown patch cannot be successfully controlled by 
good cultural practices alone; its development can only be delayed or its severity 
reduced. This is especially the case on intensively managed, low cut turfgrass 
[Smith et al., 1989]. Furthermore, no resistant cultivars are available [Smiley, 
1983]. 
Standard fungicide treatment programs include preventive applications 
beginning when night temperatures of 19-21 C are anticipated, with repeated 
applications every 5-7 or 10-21 days (depending on the fungicide used) when hot, 
humid conditions continue [Smith et al., 1989]. Intervals between applications 
are reduced when rain or irrigation exceeds 3.8 cm in a week [Shurtleff et al., 
1987] or if curative treatments are needed [Smith et al., 1989]. 
Protectant organics that give moderate to good protection are anilazine, 
chlorothalonil, and mancozeb. In the United States, the systemics commonly 
used with varying effectiveness are benomyl, fenarimol, propiconazole, iprodione, 
methyl and ethyl thiophanate, and triadimefon [Beard, 1990]. Variation in 
effectiveness may be due in part to the presence of different Rhizoctonia species 
or anastomosis groups [Martin el al., 1984]. Rhizoctonia solani has been shown 
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to become resistant to some systemic fungicides including, benomyl and 
thiophanates [Shurtleff et al., 1987]. 
Biocontrol 
Introduction 
In the absence of the currently available fungicides and without 
alternative methods of disease management, dollar spot and brown patch could 
not be controlled under the intensive maintenance now practiced. Biocontrol is 
an important alternative to explore. Recently, two reports on the biocontrol of 
dollar spot on bentgrass putting greens have been published [Goodman and 
Burpee, 1991; Nelson and Craft, 1991a]. In addition, preliminary field results 
have been reported on the biocontrol of dollar spot and brown patch [Soika and 
Sanders, 1991], dollar spot by a strain of Gliocladium virens J. H. Miller, J. E. 
Giddens, A. A. Foster [Haygood and Mazur, 1990], and Pythium blight caused by 
Pythinm apharridermatum (Edson) Fitzp. [Sanders and Soika, 1991]. Earlier 
research demonstrated field control of brown patch by a binucleate Rhizoctonia 
isolate [Burpee and Goulty, 1984] and control of gray snow mold fungi by an 
isolate of Tvphula phacorrhiza Fr. [Burpee et al., 1987]. However, the majority 
of biocontrol systems using introduced microorganisms have been developed for 
relatively simple, short-term disease protection such as seed treatments against 
root rots for annual crops, in soilless mixes for greenhouse crops, and aerial 
application of biocontrol agents against foliar pathogens. As the situation 
becomes more complex (perennial crops, soilbome pathogens, intensive 
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management, etc.) there are fewer examples of successes [Cook and Baker, 
1983]. 
One explanation for the lack of sufficient control in complex ecosytems 
may be that microbial competition is more intense in substrates that have 
established indigenous populations [Gottlieb, 1976]. This competition may 
account for the lack of consistency between in vitro antagonism and suppression 
observed in the field. There is also evidence that antagonistic microorganisms 
are able to grow together when their growth is suppressed below levels where 
nutrients are rapidly exhausted and the production of antimicrobial compound(s) 
becomes effective. This is likely the situation under normal soil conditions 
where nutrient concentrations are relatively low [Skinner, 1956a,b]. Other 
reasons for failure in the field may be that the antagonist does not colonize the 
same microhabitat as the pathogen, does not produce its antimicrobial 
compound in large enough quantities to be effective in the soil, or the 
antimicrobial compound is degraded by microflora or adsorbed to clay particles 
in the soil. Because it is difficult to determine microbial interactions in complex 
ecosystems [Kloepper and Schroth, 1981; Stack et al., 1988], very little is known 
of why an antagonist is or is not effective in the field. This lack of basic 
knowledge of the mechanism of control makes it impossible to systematically 
predict the effect of a potential biocontrol agent on a pathogen population. 
Thus, most field studies continue to be trial and error experiments based on 
results of antagonism by microbial isolates against pathogens on agar plates. 
However, inhibition on agar plates does not always accurately predict 
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suppressive ability under normal growing conditions [Broadbent et al., 1971; 
Hagedom et al., 1989; Scher and Baker, 1982; Wong and Baker, 1984]. 
Bioassays that approximate field conditions provide a more accurate screening 
process [Broadbent et al., 1971; Hagedom et al., 1989; Hannusch and Boland, 
1990; Marois et al., 1982]. Goodman and Burpee [1991] found that all isolates 
that were effective against _S. homeocarpa in a greenhouse bioassay also 
suppressed dollar spot field epidemics. 
Other important factors to consider in the screening process are: 1) the 
adaptability of the biocontrol agent to the cropping system 2) supplying a 
nutrient source and formulation that will optimize the growth, survival, and 
antagonistic ability of the agent, and 3) timing application(s) and manipulating 
the cropping environment to ensure survival and establishment of the agent. 
Screening Potential Biocontrol Agents 
Although a wide range of microorganisms has been evaluated for their 
potential as biocontrol agents against plant pathogens, fungi and bacteria are 
among the most commonly employed. The standard use of broad-spectrum 
fungicides on turfgrass probably precludes the use of fungi as biocontrol agents 
in most situations at this time. It is possible to genetically alter a fungus to 
produce fungicide-resistant mutants as has been done with Trichoderma 
harzianum Rifai [Papavizas et al., 1982]. However, there is concern that 
engineered microorganisms released in the soil may transfer manipulated genes 
to native soil microorganisms. Gram-negative bacteria are known to mobilize 
non-conjugative plasmids in nature [McPherson and Gealt, 1986], and recently, 
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transfer of plasmids between Streptomvces strains has been demonstrated 
[Bleakley and Crawford, 1988; Rafii and Crawford, 1988; Wellington et al., 
1990]. Moreover, obtaining permission to use genetically manipulated organisms 
in field studies is a complicated, time consuming process [Handelsman & Parke, 
1989], and EPA registration is more difficult to obtain for genetically altered 
microorganisms than for those isolated from natural populations [U.S. Dept, of 
Agric., 1987]. However, because there are no bactericides (except mercury) used 
on turfgrass in the northeast, bacteria are good biocontrol candidates. 
Bacteria and actinomycetes have several characteristics which make them 
highly suitable for biocontrol. They are ubiquitous and abundant in the soil, 
tend to be evenly distributed through the surface soil, have a high rate of 
reproduction, and are efficient producers of antibiotics [Broadbent et al., 1971]. 
Three genera of bacteria frequently used as biocontrol agents are Pseudomonas, 
Bacillus, and Streptomvces [Weller, 1988]. All three genera have been shown to 
suppress diseases of various plants caused by R. solani and other sclerotial 
pathogens, including species of Sclerotinia [Ghaffer, 1988; Upadhyay & Rai, 
1988]. Rothrock and Gottlieb [1984] found that, in addition to controlling 
Rhizoctonia root rot of pea. Streptomvces hygroscopicus var. geldanus inhibited 
the saprophytic growth of R. solani in soil. 
The targeted area for biocontrol agents is the infection court [Baker and 
Scher, 1987] or the survival propagules of the pathogen [Baker, 1981]. For foliar 
pathogens, biocontrol agents are applied directly to foliage. For soilbome root 
pathogens, they may be applied as seed treatments, to the roots of the host 
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before transplanting, or en masse to the soil. On turfgrass, _S. homeocarpa and 
R. solani present an unusual situation because, although they are foliar 
pathogens, they survive mainly in the thatch and soil and must grow 
saprophytically before infection. The infection court, the grass blade, is virtually 
impossible to protect because of routine mowing, especially on low-cut turf. On 
golf courses, greens and tees may be mowed 5 to 7 times per week. A 
biocontrol system for dollar spot and brown patch on high maintenance turfgrass 
must, therefore, target the survival habitat of these soilbome pathogens. The 
potential biocontrol agent must be able to exist in the soil conditions comparable 
to putting greens. Nelson and Craft [1991a] found that introduced bacterial 
antagonists can be established at high population levels in a turfgrass ecosystem. 
Culture and Formulation 
The greatest obstacle to successful biocontrol by direct mass application 
of microorganisms to the soil has been the scarcity of methods for mass culture 
and delivery [Papavizas and Lewis, 1981]. For fungi, fungistasis is a problem 
when naked spores are introduced into natural soils without an appropriate 
organic material [Lockwood, 1977; Papavizas et al., 1984]. Arthrospores of 
streptomycetes do not germinate when added to non-sterile soil without a 
nutrient amendment, and in the soil, vegetative growth is limited to organic 
particles such as plant and animal residues [Lloyd, 1969; Mayfield et al., 1972]. 
Although biocontrol agents have been effective when applied as cell suspensions, 
[Abd El Moity, 1981; Baker et al., 1985; Broadbent et al., 1971; Elad and Chet, 
1987; Marois et al., 1982; Rose et al., 1980], a food source is often required to 
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overcome fungistasis or enhance efficacy. Papavizas et al. [1984] report that 
conidia of Trichoderma or Gliocladium did not prohferate in soil if no food base 
was added and were not suppressive against tomato fruit rot caused by R. solani. 
Trichoderma harzianum grown in a wheat bran-sawdust mixture was more 
effective at reducing damping-off of bean seedlings caused by Sclerotium rolfsii 
Sacc. than a conidial suspension [Elad et al., 1980]. Moreover, some substrates 
may be more effective than others for a given antagonist. For example, wheat 
bran, over wheat straw compost, ground wheat straw, and ground cotton straw, 
was found to be the best food base for T. harzianum. The wheat bran 
stimulated the greatest amount of growth and sporulation of the biocontrol 
fungus, and also resulted in the most effective control cucumber damping-off 
caused by Pvthium aphanidermatum [Sivan et al., 1984]. The substrate should 
ideally support only the growth and sporulation of the antagonist. For example, 
plant and animal residues that contain polysaccharides (chitin, starch, pectin, and 
to a lesser extent, cellulose) and proteins (keratin and elastin) may be good 
substrates for Streptomvces spp. because they are degraded easily by 
streptomycetes and not by other bacteria and fungi [Kutzner, 1981]. 
Organic amendments have been shown to stimulate native microflora, 
especially bacteria and actinomycetes, to the detriment of the pathogen. Most 
noteworthy are reports of increased populations of bacteria and actinomycetes in 
controlling Phvtophthora root rot of avocado in Australia with the addition of 
animal manures and plant residues [Broadbent and Baker, 1974], and earlier 
work by Papavizas and Davey [1960] and Papavizas [1963] on reducing 
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Rhizoctonia root rot of bean by adding young com or oat straw and mature oat 
straw to the soil. Melvin et al. [1988, 1989] demonstrated a reduction in the 
incidence of necrotic ring spot (causal agent. Leptosphaeria korrae J. C. Walker 
& A.M. Sm.) of Kentucky bluegrass (Poa pratensis L.) with daily irrigation and 
the addition of organic turf amendments. Similar work is in progress for brown 
patch and dollar spot [Nelson and Craft, 1991b,c; Soika and Sanders, 1991], as 
well as for red thread (casual agent. Laetisaria fuciformis (McAlpine) Burdsall) 
[Nelson and Craft, 199Id]. 
Specific amendments have also been used for biocontrol. Chitin added to 
soil has been shown to control many diseases, for example, Fusarium root 
diseases of bean [Mitchell, 1963; Mitchell and Alexander, 1962] and pea 
[Khalifa, 1965] and Rhizoctonia root rot of bean [Herds et al., 1967; Sneh et al., 
1971] and damping-off of radish [Rouse and Baker, 1978]. Henis et al. [1967] 
reported that chitin amendment also inhibited saprophytic growth of Rhizoctonia 
spp. in soil. Control is thought to be associated with an increase in the number 
of bacteria and actinomycetes with chitinolytic activity which inhibit or lyse the 
pathogen [Mitchell and Alexander, 1962] or produce inhibitory substances [Sneh 
and Henis, 1971]. Chitinolytic microorganisms, alone, have demonstrated 
biocontrol ability. For example, Serratia marcescens Bizio and an Arthrobacter 
sp. have been shown to control Sclerotium rolfsii on bean [Ordentlich et al., 
1988] and Fusarium on carnation [Sneh, 1981], respectively. Efficiency in 
disease control by Trichoderma hamatum (Bon.) Bain was increased with a 
chitin amendment [Harman et al., 1981]. 
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The nutrient source used for the growth of the biocontrol agent is also 
important if the mechanism of control is either antibiosis or mycoparasitism. 
Suppression induced by species of Bacillus. Streptomvces. and Pseudomonas may 
be due to either or both of these mechanisms. Although it is uncertain whether 
sufficient antibiotics are produced in the soil by antagonists to have detrimental 
effects on other microorganisms, it seems likely that their production in 
microhabitats is ecologically important [Baker, 1968; Jackson, 1965; Kloepper 
and Schroth, 1981; Kutzner, 1981]. Wright [1956] demonstrated antibiotic 
production in the soil on buried organic substrates. 
In culture, the production of antibiotics and enzymes by microorganisms is 
controlled by the type and amount of substrate available [Aharonowitz, 1980; 
Malik, 1982; Martin and Demain, 1980]. Some substrates such as glucose are 
excellent carbon sources for growth, but may interfere with antibiotic production. 
Polysaccharides and oligosaccharides are better carbon sources for antibiotic 
biosynthesis. The antibiotic production phase of actinomycetes and fungi may be 
prolonged several days by continuous or intermittent addition of non-repressive 
or non-inhibitory levels of a carbon source. There are high levels of antibiotic 
production in batch culture only after most of the cellular growth has occurred. 
However, the separation between these two phases is not distinct for filamentous 
microorganisms (i.e. actinomycetes and fungi) [Martin and Demain, 1980]. Thus, 
the age of culture of a biocontrol microorganism may also influence antagonistic 
ability. 
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The pH of the culture medium and the target site for application can also 
influence the antagonistic ability of biocontrol agents by providing either optimal 
conditions for growth or for the production of antimicrobial compounds. Sivan 
et al. [1984] increased colonization of T. harzianum on wheat bran by lowering 
the pH with the addition of peat. The same fungus was found to increase in 
population density and suppressive ability when soil was adjusted from alkaline 
to acid [Huang and Kuhlman, 1991]. 
Formulation must also be considered when developing a biocontrol 
system. A promising delivery system (thus far, used mainly for fungal 
antagonists) is the use of granules of alginate-clay [Fravel et al., 1985; Lewis and 
Papavizas, 1985], diatomaceous earth [Backman and Rodriguez-Kabana, 1975], 
or lignite [Jones et al., 1984] impregnated with nutrient sources such as wheat 
bran [Lewis and Papavizas, 1985] and molasses [Backman and Rodriguez- 
Kabana, 1975]. However, very little progress has been made on formulations for 
bacterial biocontrol agents. Notable exceptions are the successful commercial 
formulation of Rhizobinm using a powdered peat moss base [Roughly, 1976] and 
a wettable formulation of R subtilis strain A-13 as Quantum 4000 (Gustafson, 
Inc., Dallas, TX) [Turner and Backman, 1991]. In addition, Kloepper and 
Schroth [1981] found that plant growth-promoting rhizobacteria survived best in 
dried formulations containing xanthan gum and talc while certain species of 
Pseudomonas have been shown to withstand encapsulation in an alginate-clay 
pellet [Fravel et al., 1985]. Most bacteria used for biocontrol have been grown 
in liquid medium, their cells concentrated by centrifuging, and then resuspended 
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in water for delivery [Abd El Moity, 1981; Baker et al., 1985; Broadbent et al., 
1971; Elad and Chet, 1987; Liu and Sinclair, 1987; Merriman et al., 1974; Rose 
et al., 1980]. This procedure may be appropriate for research purposes and for 
commercial application of Bacillus spp. that produce endospores tolerant to heat 
and desiccation, however, non-spore producers (e.g. Pseudomonas spp.) would 
not withstand transportation and storage conditions in this form [Kenney and 
Couch, 1981]. Streptomvces arthrospores are not as resistant to unfavorable 
conditions as bacterial endospores, but are important survival structures that can 
tolerate to some extent drought, heat, freezing, and anaerobic conditions 
[Kutzner, 1981; Williams et al., 1972]. 
Another important component of formulation is the propagule type. As 
discussed previously, conidia of Trichoderma and Gliocladium did not proliferate 
in soil when no food base was added [Papavizas et al., 1984]. In the same 
experiment, fermented biomass consisting of mainly chlamydospores in a 
mycelial mass sporulated and was effective against disease. Growing germlings 
of a strain of T. hamatum added to soil were more effective against R. solani 
than conidia [Lewis and Papavizas, 1987]. Fravel et al. [1985] reported that 
survival of biocontrol agents in an alginate-clay matrix was dependent on spore 
type. Finally, Knudsen et al. [1991] proposed that the type of fungal propagule 
encapsulated in a pellet treated with polyethylene glycol (an osmotic regulant) 
determines whether sporulation or hyphal growth is enhanced by the treatment. 
The outcome may influence the efficiency of a biocontrol agent. 
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Deliveiy System 
In addition to having a formulation that is suitable for the growth, 
survival, and antagonistic ability of the antagonists, the delivery system employed 
must be compatible with the machinery and cultural practices of the cropping 
system. Topdressing is a common practice on golf courses whereby a thin layer 
of sand or sand/soil mixture is spread uniformly over the area to be treated. 
Putting greens are topdressed frequently throughout the year, primarily to 
improve the smoothness and quality of the playing surfaces. It is also used as 
winter protection and to control thatch [Turgeon, 1991]. The material commonly 
used for topdressing is sand alone or a mixture of sand and an organic material, 
usually peat. However, the high use of sand alone is associated with Pvthium 
spp. root infections [Hodges and Coleman, 1985] and peat is relatively void of 
nutrients [Hartmann and Kester, 1983]. Using an alternative organic material 
inoculated with an antagonist combined with sand as a topdressing could be a 
suitable delivery system for turfgrass. Nelson and Craft [1991a] and Goodman 
and Burpee [1991] applied antagonists to turfgrass in a mixture of corameal and 
sand as a topdressing. 
Appropriate timing of the apphcation(s) can improve the likelihood of a 
successful biocontrol system. Elad et al. [1980] found that inoculating soil with 
T. harziarmm 30 days prior to sowing bean seeds significantly reduced incidence 
of damping-off compared to inoculations made 15 days prior to or at the time of 
sowing. In a study on biocontrol of dollar spot on turfgrass, application of 
bacterial antagonists prior to symptom development significantly suppressed 
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disease. Applications made six weeks later, after dollar spot incidence reached 
high levels, were not effective [E. Nelson, personal communication]. For dollar 
spot and brown patch, the appropriate application time might be at the 
saprophytic stage of the pathogens, since their resting structures may be 
somewhat resistant to microbial attack. For example, it has been shown that 
some types of Rhizoctorria bulbils are not readily invaded by Trichoderma spp. 
[Naiki, 1986]. 
The size, number, and timing of applications needed to maintain a 
suppressive population can be determined by monitoring the population size of 
the biocontrol agent. Population data can also be used to confirm indirectly 
whether or not the biocontrol organism has an active role in disease suppression. 
In order to study the population dynamics of an organism, a selective 
isolation medium should be developed. Most selective media for actinomycetes 
have been based on complex carbon and nitrogen sources which are not readily 
metabolized by bacteria and fungi [Kutzner, 1981]. El-Nakeeb and Lechevalier 
[1963] compared different media for the selective isolation of actinomycetes and 
found that a glycerol-arginine-salt agar was superior to the chitin medium 
developed by Lingappa and Lockwood [1962]. Kuster and Williams [1964] 
observed fewer numbers of fungi and bacteria and a less rapid spread of fungal 
mycelium with a glycerol (or starch)-casein medium than with the glycerol- 
arginine-salt agar. The glycerol (or starch)-casein medium also allowed for the 
development of the largest number of Streptomvces spp. The superiority of this 
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medium, with the addition of two antibiotics, was confirmed by Williams and 
Davies [1965]. 
The addition of antibiotics was found to be necessary in order to 
selectively isolate Streptomvces spp. from soils having high fungal populations 
[Corke and Chase, 1956]. Cycloheximide, polymyxin, subtilin, and penicillin have 
been used as medium amendments to inhibit fungi and bacteria [Corke and 
Chase, 1956; Dulaney et al., 1955]. However, care must be taken when using 
antibacterial antibiotics since some may inhibit actinomycetes [Dulaney et al., 
1955; Williams and Davies, 1965]. 
Finally, weather-based disease prediction models and enzyme-linked 
immunosorbent assays (ELISA) can aid in predicting effective application timing 
by monitoring pathogen activity. A dollar spot prediction model has been 
published [Hall, 1984] and has been modified for use in the EnvirocasterR, a 
commercial environmental monitoring computer manufactured by Neogen 
Corporation, Michigan. A brown patch model is at the developmental stage 
[Vallencourt and Schumann, 1991]. There are also commercial ELISA field 
identification and population monitoring kits available for both diseases 
[Rittenburg et al., 1988]. These new technologies may allow for more timely 
application of biocontrol agents by giving an accurate prediction of disease 
onset, detecting the pathogen prior to symptom development, and monitoring 
pathogen population dynamics. 
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CHAPTER II 
SCREENING POTENTIAL BIOCONTROL AGENTS 
Introduction 
Potential biocontrol agents are often evaluated on the basis of inhibition 
zones produced on agar plates. Several studies, however, have shown no 
correlation between agar plate inhibition and field results [Broadbent et al., 
1971; Hagedom et al., 1989; Scher and Baker, 1982; Wong and Baker, 1984]. 
Bioassay screenings have resulted in more accurate predictions of the 
suppressive capacity of antagonists under normal growing conditions [Broadbent 
et al., 1971; Hagedom et al., 1989; Hannusch and Boland, 1990; Marois et al., 
1982]. Bioassays have been used successfully in screening turfgrass biocontrol 
agents [Goodman and Burpee, 1991; E. Nelson, personal communication]. 
Three potential biocontrol organisms, isolates from the genera 
Streptomvces. Pseudomonas, and Bacillus (coded Strept F, CAIV, and HAI, 
respectively), were obtained from BioTechnica International, Inc., (BTI), 
Cambridge, MA. The isolates were screened by BTI for antifungal activity 
against several common plant pathogens, including R,. solani. using standard 
plate inhibition tests. To evaluate the ability of the three microbial antagonists 
to suppress dollar spot and brown patch development on turfgrass, the following 
laboratory bioassay was used [modified from E. Nelson, personal communication 
and O’Leary et al., 1988]. 
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Materials and Methods 
Comparison of Organisms 
‘Penncross’ creeping bentgrass was grown in pots (7.5 X 7.5 X 6.0 cm) 
filled with sterile sand for 6 to 10 wk in a greenhouse. The grass was fertilized 
weekly with 40 ml Hoagland’s nutrient solution per pot, [Hoagland and Amon, 
1938], and maintained at a clipping height of approximately 1 cm. For the dollar 
spot experiments, the pots were not fertilized for approximately 2 wk prior to the 
experiment to increase the susceptibility of the turfgrass. The three antagonists 
were maintained on plates of nutrient agar (NA), (Difco Laboratories, Detroit, 
MI). Liquid inoculum of each organism was produced by inoculating a 250 ml 
Erlenmeyer flask containing 50 ml of sterile medium with three 8 mm diameter 
plugs from NA cultures grown for approximately 36 hr. The inoculated liquid 
was maintained in a water bath reciprocal shaker at 28 C and at a speed of 140 
for 24-36 hr. Liquid inoculum of each isolate was produced in different media. 
Strept F was grown in a yeast-maltose-glucose (YMLG) medium composed of: 
10 g yeast extract (Difco), 10 g malt extract (Difco), 5 g glucose (Sigma 
Chemical, St. Louis, MO) in 1 L distilled water, adjusted to 7.3 pH. CATV was 
grown in a medium (HAC) containing: 10 g Hy Soy T (Shefield, Norwich, NY), 
8 g com steep liquor (American Fructose-Dimmit Co., Dimmit, TX), 2 g 
Amberex 695 (Universal Foods Corp., Milwaukee, WI), 2 g NaN03, 1 g K2HP04, 
0.1 g MgS04, and 40 g maltose (Sigma)in 1 L distilled water, adjusted to 6.5 pH. 
HAI was produced in a medium (NB) containing: 8 g nutrient broth (Difco) and 
40 g grade II maltose (Sigma) in 1 L distilled water, adjusted to 7.0 pH. The 
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liquid cultures used in each experiment were observed microscopically to ensure 
the presence of viable and uncontaminated cultures. 
R. solani and _S. homeocarpa. isolated from turfgrass were maintained on 
potato dextrose agar (PDA), (Difco). Inoculum was grown for 5 to 10 days on 
sterile iye grain that had been autoclaved in distilled water at 118 C, 14 psi for 
30 minutes on two consecutive days. Each pathogen was introduced to the pots 
of bentgrass by inserting two infested rye grains into the sand just below the 
surface, with each grain serving as a disease initiation site. After each pot was 
inoculated with a pathogen, the antagonist was applied as a drench. The drench 
was poured onto the bentgrass in all but one experiment, where it was applied as 
a foliar spray through an atomizer using a compressed can of air. 
Experiments included the following drench treatments of the antagonists: 
1) 2 ml of the liquid culture, 2) 2 ml supernatant from a 2 ml sample of the 
liquid culture following centrifugation at 4,000 rpm for 20 min and filtration 
through a 0.2 um Acrodisc filter (Gelman Sciences, Ann Arbor, MI), 3) cells 
from the centrifuged liquid culture pellet resuspended in 2 ml sterile water, 4) 2 
ml medium, and 5) 2 ml sterile, distilled water as a control. Each treatment was 
diluted in 18 ml sterile, distilled water for total volume of 20 ml and applied to 
the grass. This rate of application was used for all but one experiment, where 
the concentration of the treatment was doubled. The total amount of liquid 
added was still 20 ml. In some experiments, the same applications were applied 
as pre-treatments, either 24 or 48 hr prior to inoculation with the pathogen, or 
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24 or 48 hr prior to inoculation and again at the time of inoculation with the 
pathogen. 
An untreated control treatment was included for the set of treatments 
performed on each biocontrol agent. Therefore, there could be up to three 
untreated controls for any one experiment. This was done to help minimize the 
effect of changes occurring during the 3-4 hr needed to set up the experiment, 
such as, changes in the condition of the pathogen-infested rye grains or pots of 
bentgrass, and in the temperature of the room. These changes could result in 
differential growth of the pathogen. Variation within the treatments of one 
biocontrol agent was minimized by applying all treatments for one biocontrol 
agent at a time. 
Clear plastic bags were placed over the pots, and the pots were placed in 
a completely randomized design in a growth chamber set at 28 C, with a 12 hr 
photoperiod. After 12 hr, the pots were unbagged. The saprophytic infestation 
was evaluated after approximately 36 hr by measuring the radial growth of the 
pathogen using a dissecting microscope. There were two pots per treatment, for 
a total of four observations per treatment. 
Statistics 
All statistical analyses were performed using Statistical Analysis System 
(SAS Institute Inc., Cary, NC). Square root and arcsine transformations were 
made on all count and pecentage data, respectively. Square root transformations 
stablize variances, resulting in the independence between variances and means 
required for analysis of variance (ANOVA). Arcsine transformations (arcsine of 
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the square root of the data) normalize the sample population [Damon and 
Harvey, 1987]. Untransformed data are presented in the figures and tables. 
Because for each biocontrol agent there was an untreated control 
treatment, the results could not be analyzed as a full factorial experiment. 
Instead, a two-way ANOVA was performed on the original data using the 
General Linear Model (GLM) procedure. Single-degree-of-freedom contrasts 
were used to compare the treatments of each biocontrol agent to their respective 
control. To compare the biocontrol agents and treatments across the biocontrol 
agents, the original data for each biocontrol agent treatment were subtracted 
from the mean of the respective control. A two-way ANOVA using the GLM 
procedure was performed on the difference data. Significant interactions 
between the factors of the experiment were determined using single-degree-of- 
freedom contrasts. 
Screening Strept F Treatments 
Because Strept F demonstrated the greatest suppression of the three 
organisms evaluated, two further treatments of this agent were evaluated for 
improving the amount and consistency of suppression. 
Age of Strept F Inoculum 
Strept F inoculum was grown for 24, 36, or 48 hr and applied to the pots 
of bentgrass as liquid culture, cell suspension, or supernatant drenches, as 
previously described. Applications were made either 24 hr prior to pathogen 
inoculation or 24 hr prior to and again at the time of pathogen inoculation. 
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Chitin Amendment 
Chitin amendments were added to the pots of bentgrass in conjunction 
with Strept F liquid culture applied at various times. Rates of chitin added 
were: 0.2 g, 0.4 g, and 0.6 g per pot (equivalent to 7, 14, and 21 lb/1000 ft2, 
respectively). 
Statistics 
Appropriate ANOVAs using the GLM procedure were performed and 
treatment means were compared using either Duncan’s multiple range test or 
single-degree-of-freedom tests. 
Results and Discussion 
Comparison of Organisms 
Rhizoctonia solani 
In all but one experiment, HAI demonstrated no significant inhibition of 
the growth of R. solani compared to the untreated control (Figures 2.1, 2.2 and 
2.3), and in one experiment it appeared to stimulate the growth of R. solani 
(Figure 2.4). CAIV treatments significantly inhibited the pathogen’s growth 
compared to the untreated control pots in four of the five experiments 
performed. Strept F, however, showed greater inhibition than CATV in two of 
the three experiments in which the organisms were compared (Figures 2.4 and 
2.5). Strept F treatments reduced the growth of R. solani up to 70% compared 
to the untreated control pots, while the greatest inhibition by any CATV 
treatment was a 53% reduction in the growth of the fungus. 
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In the experiment where CAIV treatments demonstrated greater 
inhibition than Strept F treatments (Figure 2.3), the CAIV untreated control 
pots supported unusually large growth of R. solani. making the CAIV treatments 
appear more suppressive than they might otherwise. For example, the CATV 
treatments (liquid culture and cell suspension) poured onto the pots significantly 
(P = 0.01) suppressed the pathogen’s growth compared to the CATV untreated 
control. The comparable Strept F treatments were not significantly different 
than the Strept F untreated control. However, when the liquid culture treatment 
of CATV and Strept F are compared, no significant difference is observed, 
likewise, for the cell suspension treatment. Furthermore, the biocontrol 
treatments were applied simultaneously with the pathogen. Although results 
from the experiment presented in Figure 2.5 show that this treatment is more 
suppressive than applications made prior to and again at the time of pathogen 
inoculation, two other experiments demonstrate that Strept F is probably more 
suppressive when applied prior to, rather than simultaneous with, the pathogen 
inoculation (Figures 2.4 and 2.9). In any case, there is no explanation for the 
lack of suppression by Strept F in this experiment, except for the fact that it was 
the first time Strept F was included in an experiment and techniques were not 
perfected. 
The most effective Strept F formulation appears to be the liquid culture. 
In three of the four experiments where liquid culture and cell suspension were 
compared, liquid culture treatments were significantly more suppressive than the 
cell suspension treatments. However, the cell suspension treatments were often 
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significantly more suppressive than the untreated control treatment (Figures 2.4, 
2.5, and 2.8). The supernatant treatments demonstrated the least suppression 
(Figures 2.8). 
Sclerotinia homeocarpa 
Most experiments using _S. homeocarpa were not successful due to 
difficulty in the maintenance of nitrogen-deficient grass. Results of two 
experiments are shown in Figures 2.6 and 2.7. Although a 40% inhibition of the 
pathogen was observed in the Strept F-treated pots compared to the untreated 
controls, the difference was not statistically significant at P = 0.05 due to a large 
amount of variation. HAI and CAIV demonstrate no suppression (Figure 2.6). 
There was no significant increase in inhibition of the pathogen when a 
chitin amendment was added with the Strept F liquid culture. However, all 
three simultaneous treatments significantly (P=0.01) suppressed the growth of _S. 
homeocarpa by an average of 70% compared the untreated controls (Figure 2.7). 
Screening Strept F Treatments 
Age of Strept F Inoculum 
Overall, maximum inhibition was obtained when Strept F inoculum was 
grown for 48 hr. This age was significantly (P=0.01) more inhibitory than 24 or 
36 hr, which were not significantly different from each other. Growth of R. 
solani was reduced by 67% compared to the untreated control treatment when 
the 48 hr inoculum was applied 24 hr prior to and again at the time of pathogen 
inoculation. As noted above, the liquid culture significantly (P=0.01) suppressed 
the pathogen compared to the cell suspension, and the simultaneous application 
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with a 24 hr pre-treatment was more effective than the pre-treatment alone, both 
overall and within the 48 hr inoculum age treatments. The liquid culture and 
cell suspension treatments surpassed the supernatant treatments in suppressing 
growth of R. solani (Figure 2.8). 
A 6 % increase in the growth of the pathogen was observed in pots 
treated with the medium compared to the untreated control. Although the 
difference was not statistically significant, there was concern that repeated 
application of the liquid culture, by providing unused nutrients in the medium, 
might be conducive to pathogen growth. Therefore, the medium was used as a 
treatment in the field trials to study its effect on disease development. 
Chitin Amendment 
Although the growth of R. solani was reduced by up to 29% by the chitin 
amendments compared to the treatments with no chitin added, the difference 
was not statistically significant (Figure 2.9). There was no significant interaction 
between the chitin amendment and application time. As previously reported, 
there were significant (P=0.01) differences between the degree of inhibition for 
the various application times. 
Summary 
Strept F liquid culture treatments inhibit the growth of JR. solani and _S. 
homeocarpa in pots of bentgrass by up to 70% compared to untreated controls. 
There is also inhibition observed for treatments of CATV liquid culture. HAI 
demonstrates no suppressive ability towards the two pathogens in the bioassay. 
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Mean radial growth (cm) of R. solanI 
2.5 i- 
CAIV HAI 
Biocontrol Agents 
Figure 2.1 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after treatment with a 
Pseudomonas sp. isolate (CAIV) and a Bacillus sp. isolate (HAI). 
Treatments included liquid culture (LC), cell suspension (CS), 
and untreated controls. There were four replications per 
treatment. (Statistical analysis: Appendix D, Table D.l). 
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Mean radial growth (cm) of R solanI 
CAIV CAIV-CONTROL HAI HAI-CONTROL 
Biocontrol Agents 
Treatments 
K\\\l LC-2 ml 
222 LC-4 ml 
■1 CS-2 ml 
□ CS-4 ml 
EE SN-2 ml 
EE SN-4 ml 
EE Med- 2 ml 
W Med- 4 ml 
Figure 2.2 Mean radial growth of Rhizoctonia solani in pots of 
bentgrass, at 28 C, 36 hr after treatment with a Pseudomonas sp. 
isolate (CAIV) and a Bacillus sp. isolate (HAI). Treatments 
included liquid culture (LC), cell suspension (CS), supernatant 
(SN), culture medium (Med), and untreated controls. Application 
was made at a rate of 2 ml per pot (standard rate) or 4 ml per 
pot. There were four replications per treatment. *, ** indicate 
significance at P=0.05 and P=0.01, respectively, compared to the 
untreated control for each isolate according to single-degree- 
of-freedom contrasts. 
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Mean radial growth (cmj of R solanl 
1.6 i- 
Strept F CAIV HAI 
Biocontrol Agents 
Figure 2.3 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after treatment with isolates 
from the genera Streptomvces. Pseudomonas, and Bacillus, coded 
Strept F, CAIV, and HAI, respectively. Treatments included 
liquid culture (LC), cell suspension (CS), and untreated 
controls. Applications were either poured or sprayed onto the 
pots. There were four replications per treatment. *, ** indicate 
significance at P=0.05 and P=0.01, respectively, compared to the 
untreated control for each isolate according to single-degree- 
of-freedom contrasts (Appendix D, Table D.3). 
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Mean radial growth (cm) of R. solanI 
Biocontrol Agents 
Treatments 
l\\M LC - Prel 
LC - Pre2 
w LC - Simul 
EZ3 CS - Prel 
[YTT1 CS - Pre2 
rr i i i 
[1111 CS - Simul 
■ Control 
Figure 2.4 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after treatment with isolates 
from the genera Streptomvces. Pseudomonas, and Bacillus, coded 
Strept F, CAIV, and HAI, respectively. Treatments included 
liquid culture (LC) and cell suspension (CS) applied either 1) 
48 hr prior to pathogen inoculation (Prel), 2) 48 hr prior to 
and again at the time of pathogen inoculation (Pre2), or 3) 
simultaneous with pathogen inoculation (Simul). There was an 
untreated control treatment for each agent; four replications 
per treatment. *, ** indicate significance at P=0.05 and P=0.01, 
respectively, compared to the untreated control for each isolate 
according to single-degree-of-freedom contrasts (Appendix D, 
Table D.4). 
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Strept F CAIV 
Bio control Agent 
Treatments 
k\\\l LC - Pre2 
vzv LC - Simul 
EE3 CS - Pre2 
tnn CS - Simul 
■ Control 
Figure 2.5 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after treatment with a 
Streptomvces sp. isolate (Strept F) and a Pseudomonas sp. 
isolate (CAIV). Treatments included liquid culture (LC) and cell 
suspension (CS) applied either 48 hr prior to and again at the 
time of pathogen inoculation (Pre2) or simultaneous with 
pathogen inoculation (Simul). There was an untreated control for 
each agent; four replications per treatment. ** indicates 
significance at P=0.01 compared to the untreated control for 
each isolate according to single-degree-of-freedom contrasts 
(Appendix D, Table D.5). 
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Figure 2.6 Mean radial growth (cm) of Sclerotinia homeocarpa in 
pots of bentgrass, at 28 C, 36 hr after treatment with isolates 
from the genera Streptomvces. Pseudomonas, and Bacillus, coded 
Strept F, CAIV, and HAI, respectively. Treatments included 
liquid culture (LC), cell suspension (CS), and untreated 
controls. (Statistical analysis: Appendix D, Table D.6). 
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Mean radial growth (cm) of S. homeocarpa 
Simultaneous No Strept F 
Application 
Chitin Level 
H 0.0 g 
ESI 0.2 g 
EE3 0.4 g 
Figure 2.7 Mean radial growth (cm) of Sclerotinia homeocarpa in 
pots of bentgrass, at 28 C, 36 hr after application of a 
Streptomvces sp. isolate (Strept F) liquid culture. Chitin was 
added at rates of 0.0, 0.2, and 0.4 g per pot. There were 
untreated control pots for each chitin level; four replications 
per treatment. a,b indicate Strept F treatments were 
significantly different (P=0.01) from the untreated controls 
(Appendix D, Table D.7). 
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24 hr 36 hr 48 hr Medium Control 
Treatments 
E3 LC - Prel 
LC - Pre2 
□ CS - Prel 
■1 CS - Pre2 
EZ3 SN - Prel 
rrrn SN - Pre2 
Age of Strept F culture (hours) 
Figure 2.8 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of a 
Streptomvces sp. isolate (Strept F) liquid culture incubated for 
24, 36, or 48 hr. Treatments included liquid culture (LC), cell 
suspension (CS), and supernatant (SN). Applications were made 
either 24 hr prior to pathogen inoculation (Prel), or 24 hr 
prior to and again at the time of pathogen inoculation (Pre2). 
Control treatments included the culture medium and untreated 
pots; four replications per treatment. ** indicates significance 
at P=0.01 compared to the untreated control according to single- 
degree-of-freedom contrasts (Appendix D, Table D.8). 
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Chitin Level 
□ 0.0 g 
ES 0.2 g 
0.4 g 
^ 0.6 g 
Figure 2.9 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after treatment with a 
Streptomvces sp. isolate (Strept F). Treatments included Strept 
F liquid culture applied either 1) 24 hr prior to pathogen 
inoculation (Prel), 2) 24 hr prior to, and again at the time of 
pathogen inoculation (Pre2), or 3) simultaneous with pathogen 
inoculation (Simul). Chitin was added at rates of 0.0, 0.2, 0.4, 
and 0.6 g per pot. There were untreated control pots for each 
chitin level; four replications per treatment. Treatment times 
with the same letter above the bars are not significantly 
different (P=0.01) according to Duncan’s multiple range test 
(Appendix D, Table D.9). 
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CHAPTER III 
SUBSTRATE SCREENING 
Introduction 
Arthrospores of streptomycetes added to non-sterile soil from agar plates 
do not germinate. They remain dormant until a nutrient source is available 
[Lloyd, 1969; Mayfield et al., 1972]. The same phenomenon occurs for many 
fungal spores. 
The fungistasis of introduced antagonists has been overcome in many 
cases by growing the biocontrol agent on specific organic material that continues 
to serve as a food source when the agent is introduced to the soil, aiding its 
survival and establishment [Elad et al., 1980; Hadar et al., 1979; Harman et al., 
1981]. The type of nutrient source may also be important for antibiotic 
production [Aharonowitz, 1980; Malik, 1982; Martin and Demain, 1980]. 
Specific organic amendments that stimulate the growth or antagonism of 
native soil microorganisms have also been used in biocontrol systems. Chitin has 
been shown to control many diseases when added to the soil [Henis et al., 1967; 
Khalifa, 1965; Mitchell, 1963; Mitchell and Alexander, 1962; Rouse and Baker, 
1978; Sneh et al., 1971]. 
Experiments were conducted to evaluate the effectiveness of various 
organic substrates in supporting the colonization and enhancing the disease 
suppressiveness of Strept F. Substrates evaluted were: bran, bramsand (2:1, 
v/v), bran:peat (1:1, v/v), commeaksand (2:1, v/v), and a compost composed 
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mainly of chicken manure and cranberry waste produced by MassNatural 
(Westminster, MA). The sand and peat were added to help reduce clumping 
which occurred during autoclaving. A chitin amendment was also evaluated. 
Materials and Methods 
For all experiments, colony-forming units (cfu) were enumerated from a 
dilution series performed on the Strept F inoculum to ensure the presence of 
viable propagules (Appendix A). 
Colonization of Substrates 
Five g of the nutritive portion of each substrate (oven dried if initially 
wet) were moistened with 3 ml of distilled water and placed in a glass petri 
plate. The plates were autoclaved for 60 min at 118 C, 14 psi for two 
consecutive days. Liquid inoculum of Strept F was produced as previously 
described. The sterilized substrate in each plate was inoculated with 0.1 ml of 
Strept F inoculum diluted in 2 ml sterile, distilled water, and mixed well with a 
spatula. Each plate was wrapped with parafilm and placed in an incubator at 28 
C with a 12 hr photoperiod. Three replications of each treatment were 
prepared. 
After seven days, serial dilutions were performed as follows. The 
substrate from each of the petri plates was funneled with a sterile coffee filter 
into a 250 ml Erlenmeyer flask containing 45 ml sterile, distilled water and 
shaken vigorously by hand for 1 min. A dilution series was prepared by placing 
1 ml of the preceding dilution into a test tube containing 9 ml distilled, sterile 
water and vortexed for 10 sec. One-tenth ml aliquots of the 10"3 and 10"4 
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dilutions were spread on NA in 100 X 15 petri plates; four plates per dilution 
were used. Colonies of Strept F were enumerated after incubation at 28 C for 3 
to 4 days and are reported as cfu per gram of dry substrate weight (nutritive 
portion only). The pH of the substrate was measured before autoclaving and 
after the seven day incubation period. 
Chitin Amendment 
A similiar experiment was performed to determine whether a chitin 
amendment would increase the rate of growth or the final population size of 
Strept F. Treatments included bran and branrpeat (1:1, v/v) substrates, with and 
without amendment with chitin (crab shells, Sigma) (0.2%, w/w). Serial 
dilutions, as previously described, were performed at 3, 5, and 8 days. The pH 
of the substrates were measured before autoclaving and after each incubation 
time. Results were recorded as in the previous section. 
Inhibition of Pathogen Growth 
The sterilization and incubation of the substrates were the same as in the 
preceding sections. Ten g of each substrate were used to fully cover the bottom 
of the petri plate. Each plate was inoculated with 0.2 ml Strept F diluted in 4 
ml water. Plates of the substrates that were not inoculated with Strept F were 
maintained as controls. After a 7-day incubation period, an 8 mm diameter 
mycelial plug of R. solani. grown on PDA for 5 to 7 days, was placed in the 
center of each plate. Four replications of each treatment were prepared. The 
same procedure was followed for inoculation of substrates with _S. homeocarpa. 
After 48 hr, the radial growth of each pathogen was measured. 
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A preliminary inhibition experiment was performed on NA plates. A thin 
line of 10'1 dilution of Strept F-colonized bran or brampeat (2:1, v/v) grown for 
7 days, was spread across one end of a 100 X 15 petri plate, 2 cm from the edge. 
An 8 mm diameter mycelial plug of R. solani or _S. homeocarpa was placed the 
same distance from the opposite edge of the plate. NA plates inoculated with 
the pathogen, but not with Strept F, were used as controls. The radial growth of 
the pathogen was measured after 48 hr. 
Statistics 
Differences between treatments were analyzed by ANOVA using the 
GLM procedure, with means separated by Duncan’s multiple range test or 
single-degree-of-freedom contrasts. 
Results and Discussion 
Colonization of Substrates 
The largest cfu count of Strept F was obtained from the bran substrate 
followed by branrpeat, bramsand, commealisand, and lastly, MassNatural 
compost (Table 3.1). This order was maintained for all repeated experiments, 
however, significant differences between substrate cfus were not always the 
same. The cfu count, as performed in these experiments, may not lead to the 
most accurate estimation of the population size. The first dilution was prepared 
by manually shaking the Strept F-colonized substrate in a 250 ml Erlenmeyer 
flask for 1 min. The more friable substrates would be expected to more readily 
release Strept F propagules into the water. Because the bran was actually the 
least friable of the substrates, it was at a disadvantage compared to the other 
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substrates. Therefore, the possible inaccuracy of the dilution method strengthens 
the conclusion that bran supports the largest population of Strept F. The pH of 
the substrate did not appear to influence the growth of Strept F (Appendix B). 
Chitin Amendment 
There was no significant difference between the Strept F population 
established on bran and brampeat with or without chitin amendment over the 
time period inspected (Figure 3.1). However, at day 3, the two chitin-amended 
treatments had an average cfu count significantly (P = 0.01) greater than the non- 
amended treatments. At day 5, the population size remained approximately the 
same for the chitin-amended treatments, while the population of the bran:peat 
substrate increased greatly. By the eighth day, the population size of the 
branrpeat substrate, and more dramatically, the bran:peat:chitin substrate, were 
significantly (P = 0.05) lower than the substrates not containing peat. There was 
no significant (P = 0.05) difference between the chitin amended and non- 
amended substrates on days 5 or 8. Again, there was no apparent pH effect. 
The peat-amended and non-amended substrates maintained a slightly acidic and 
a neutral to slightly alkaline pH, respectively, with no apparent effect on the 
growth of Strept F (Appendix B). 
The drop in cfus of the bran:peat:chitin substrate at day 8 is not easily 
explained. It is known that Streptomvces spp. produce antibiotics which are 
active against their own cells. It may be that this particular substrate 
combination induced the type and amount of antibiotics which inhibited growth 
and/or actually killed cells. 
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Because this experiment was not repeated, it is difficult to draw 
conclusions from the data. However, the data do suggest that the chitin allows 
for a more rapid colonization of Strept F, but does not promote a larger 
population. Within a few days the population established on substrates without 
chitin are nearly equal to that of the chitin-amended substrates. Chitin may be 
an important component of a commercialization procedure if it allows for a 
shorter production time, however, the additional factor that it would bring to 
field trials made it an impractical addition to that part of this thesis. 
Inhibition of Pathogen Growth 
Overall, Strept F-colonized substrates significantly (P = 0.01) suppressed 
the radial growth of S. homeocarpa and R. solani compared to untreated 
controls (Figures 3.2 and 3.3). Looking at only the Strept F-colonized substrates 
shows that both pathogens grew least well on Strept F-colonized bran in all 
experiments performed, although the radial growth was not significantly less than 
that on the branrpeat, bran:sand, or commeaksand substrates. A significantly 
greater (P = 0.01) amount of growth by both pathogens occurred on the Strept F- 
colonized MassNatural compost. 
The growth of the pathogens was not consistent for the different 
substrates in the non-inoculated control plates. The bramsand mixture appears 
to be the least favorable substrate for both pathogens; there was no significant 
trend seen with the other substrates. One explanation for this lack of 
consistency may be that while the substrates inoculated with Strept F were mixed 
thoroughly to ensure good distribution of the inoculum, a more cursory mixing 
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was made when water was added to the control plates. The variation in growth, 
therefore, may be a growth response to drier or wetter areas of substrate. 
However, the source of this inconsistency was not pursued by further analysis or 
experimentation. 
Results for the inhibition study on NA plates are presented in Figure 3.4. 
Strept F-colonized substrate inhibited the growth of both R. solani and S. 
homeocarpa on NA plates. The bran substrate demonstrated greater 
suppression than the brampeat substrate. No hyphal contact between either 
pathogen and Strept F suggests inhibition is due to a diffusable substance. 
However, because of possible influence of the NA on inhibition and problems 
making lines of the various substrates consistent widths, this method of 
evaluation was not pursued. 
Summary 
Bran was chosen as the substrate for use in summer field trials and as a 
possible commercial formulation because: 1) the greatest Strept F cfu count was 
recovered from the bran formulation and 2) Strept F was the most inhibitory 
towards _S. homeocarpa and R. solani when grown on bran. 
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TABLE 3.1 Mean colony-forming units (cfu) of a Streptomvces sp. 
isolate (Strept F) recovered from colonized substrates. 
Experiment 
Mean cfu* X 106 per qram dry substrate11 
Bran B:S B:P CM:S Compost 
1 2.37 ac 1.87 a — 1.05 b 4.77 c 
2 — 4.16 ab 8.53 a 2.34 b 1.96 b 
3 1.66 ns — 1.44 ns 0.98 ns — 
4 10.69 a 7.08 b 3.92 c 1.96 d 1.04 d 
“Colony-forming units enumerated on nutrient agar (Difco); three 
samples per substrate and four replications per dilution. 
bNutritive portion of substrate only. Substrate mixtures: 
B:S=bran:sand (2:1, v/v), B:P=bran:peat (1:1, v/v), CM:S= 
(cornmeal:sand, 2:1, y/v), and MassNatural" compost. 
cNumbers followed by the same letter within each experiment are 
not significantly different, P=0.01 for experiments 1 and 4, and 
P=0.05 for experiment 2; ns=not significant at P=0.05. Square 
root transformation was performed on the data for statistical 
analysis (Appendix D, Table D.10). 
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cfu X 106/g dry substrate 
Substrate 
B 
-e- B:P 
B:C 
B:P:C 
Figure 3.1 Mean colony-forming units (cfu) X 106 of Strept F (a 
Streptomvces sp. isolate) recovered after 3, 5, and 8 days 
growth on bran (B), or brampeat (B:P), (1:1, v/v), amended with 
chi tin (C),(0.2% w/w), or non-amended. Counts were enumerated on 
plates of nutrient agar (Difco) after 3 days at 28 C; three 
replications per substrate and four replications per dilution, 
"a" indicates significant difference (P=0.01) between chitin- 
amended and non-amended substrates at day 3; "b" indicates 
significant difference between bran and bran:peat substrates at 
day 8, according to single-degree-of-freeedom contrasts 
(Appendix D, Table D.ll). 
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A 
B 
Figure 3.4 Mean radial growth (cm) of A) Rhizoctonia solani 
and B) Sclerotinia homeocarpa on nutrient agar (Difco) plates 
treated with substrates colonized by a Streptomvces sp. isolate 
(Strept F). A thin line of a 1 X 101 dilution of a 7-day Strept 
F-colonized bran or bran:peat (1:1, v/v) was spread, 2 cm from 
the end opposite the mycelial plug of the fungus. Growth of the 
fungi was measured after 48 hr at 28 C. Plates of substrate not 
colonized by Strept F were used as controls; four replications 
per treatment. 
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CHAPTER IV 
FORMULATION DEVELOPMENT 
Introduction 
Formulation is a very important component of a biocontrol system. Most 
work has focused on the protective and nutritive qualities of formulations. 
Another important aspect of formulations is the type and condition of propagule 
present. For example, Trichoderma has been found to be more effective against 
R. solani if added to soil as growing germlings than as non-active propagules 
[Lewis and Papavizas, 1987]. 
Streptomvces spp. produce spores and mycelium preferentially on 
different phases and types of substrates. Growth in an agitated 48 hr old liquid 
culture occurs as vegetative mycelium in macrocolonies. Aerial mycelial spores 
are produced on solid substrates. Kutzner [1981] suggests that, although 
vegetative mycelium and spores have the same genetic make-up, they could give 
different results in an experiment, at least in speed or strength of reaction. 
Experiments were conducted to determine effects of drying, rehydration, 
and storage of Strept F-colonized bran substrate. Actively growing Strept F 
would be expected to be actively inhibitory, as seen above with Trichoderma. 
Drying the Strept F-colonized bran would allow flexibility in timing of 
applications. In particular, predictive disease models could be used to dictate 
application timing. However, the dry formulation would contain a high 
percentage of spores. Streptomvces spp. are thought to sporulate upon drying 
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[Kutzner, 1981]. It was speculated that rehydrating the dry formulation would 
stimulate the germination and growth of the spores. Strept F would then be 
applied in an already active form, possibly leading to a greater degree of 
suppression, again as seen with Trichoderma. 
Materials and Methods 
All formulations were evaluated using the pot bioassay described 
previously. The bran substrate was grown as described in Chapter 3, except 
where indicated. In preliminary experiments a bran ‘control’ treatment (bran 
not colonized with Strept F) became heavily colonized by Penicillium sp. within 
24 hr of application to the pots of bentgrass, making the growth of R. solani 
impossible to measure. This treatment, therefore, was not included in the 
experiments. For the same reason, treatments applied prior to pathogen 
inoculation were not included, although they exhibited the greatest suppression 
with the Strept F liquid culture. Also, pots were not bagged because the added 
humidity increased contamination. 
For all experiments, cfus were enumerated from a dilution series 
performed on the Strept F inoculum to ensure the presence of viable propagules 
(Appendix A). 
Fresh Formulation 
The bran substrate was modified in two ways to try to increase Strept F 
colonization: 1) increasing the amount of Strept F inoculum added to the bran, 
and 2) increasing the surface area available for Strept F growth. 
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In one experiment, Strept F inoculum added to the bran was increased 
from 0.1 ml to either 0.2 or 0.5 ml per 5 g bran. The Strept F-inoculated bran 
was incubated for approximately 48 hr at 28 C and applied to the pots of 
bentgrass, mixed in 1 or 2 ml sterile, distilled water. 
A second experiment evaluated the increase in bran surface area. Bran 
formed clumps during the second autoclaving. To break up the clumps, the bran 
from half of the petri plates was macerated 1-2 min in an Osterizer blender 
(Milwaukee, WI) and autoclaved a third time. Clumps did not re-form with the 
third autoclaving. Strept F inoculum was added to the bran (blended and 
unblended) at the standard rate of 0.1 ml per 5 g bran or at higher rates, 0.5 and 
1.0 ml per 5 g bran. The Strept F-colonized bran was allowed to grow for 48 or 
64 hr and then applied to pots of bentgrass without drying and undiluted in 
water. There was an untreated control treatment for each incubation time. 
Diy Formulation 
After a 7-day incubation period, the Strept F-colonized bran was air-dried 
at 20 C in an incubator (covered by sterile cheese cloth to reduce 
contamination) for 3 to 4 days. The dried bran was sprinkled onto pots of 
bentgrass at three rates: 0.0, 0.5, or 1.0 g per pot. There were three pots per 
treatment and a total of six replications per treatment. 
Rehydrated Formulation 
Strept F was grown on bran for 7 days and applied to the pots of 
bentgrass either wet (before drying) or rehydrated for various times (24, 36, 48, 
or 60 hr) after air-drying in an incubator set at 20 C. The bran was rehydrated 
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with a light mist of 0.5 ml sterile, distilled water. The rate of application per pot 
of grass was 0.5 g mixed in an additional 0.0 or 1.0 ml sterile, distilled water. 
Three different experiments were performed. The first compared the dry 
formulation rehydrated for 48 hr with an untreated control. The second 
experiment looked at four different rehydration times (0, 24, 36, or 48 hr) and 
applications were made after mixing the bran in either 0.00 or 1.0 ml water. 
The final experiment evaluated: 1) 0.1 or 0.2 ml Strept F inoculum, 2) 
rehydration times of 48 or 64 hr, and 3) 0.5 or 1.0 ml water used to rehydrate 
the dried bran for 48 hr. For each rehydration time, there was a corresponding 
untreated control treatment. 
Storage of Dry Formulation 
Larger quantities of the dry bran formulation of Strept F were produced 
as previously described in 25 cm diameter glass containers. After 4 days of air¬ 
drying at room temperature, the bran from the containers was combined, mixed 
thoroughly, and placed in a sterile paper bag in a refrigerator (4 C). At weekly 
intervals (0 to 7 wk), a serial dilution was performed on three 5-g samples from 
the bulk mixture to monitor the viability of Strept F following cold storage. 
Population size was recorded as cfu per gram dry bran. 
Statistics 
' \ 
All bioassays included two grains infested with R. solani per bentgrass pot 
and two pots per treatment, for a total of four observations per treatment except 
where indicated. When more than one control treatment was included in an 
experiment, the data were analyzed as described in Chapter 3. For the other 
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experiments, a one-way ANOVA using the GLM procedure was used to detect 
significant differences between treatments. Separation of means was perfomed 
using Duncan’s multiple range test or single-degree-of-freedom contrasts. 
Changes in the population size of the storage study was analyzed 
statistically using the repeated measures one-way ANOVA in the GLM 
procedure. 
Results and Discussion 
Fresh Formulation 
Increasing the rate of Strept F inoculum added to the bran from 0.2 to 
0.5 ml had no significant effect on the suppressiveness of the fresh formulation 
grown for 48 hr. There was also no significant effect of applying the Strept F- 
colonized bran in 1 ml water compared to 2 ml. However, all treatments 
significantly (P=0.01) inhibited growth of R. solani compared to the untreated 
control. The greatest inhibition observed was a 23% reduction in the growth of 
the pathogen (Figure 4.1). 
Treatments of Strept F grown on bran for 48 hr were significantly 
(P = 0.01) more supressive than growth proceeding for 64 hr. Treatments from 
both incubation times, however, significantly (P = 0.01) inhibited R. solani 
compared to their respective untreated controls. The greatest inhibition 
\ 
observed was approximately a 21% reduction in the growth of the pathogen 
compared to growth in untreated control pots. Blending the bran or adding 
more Strept F inoculum did not have any significant effect on suppression 
(Figure 4.2). 
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There appears to be some limiting factor to the colonization of or 
activity of Strept F in this formulation. Because complete inhibition was 
observed when the pathogen was placed directly on the Strept F-colonized bran 
incubated for 7 days, (Chapter 3), perhaps the mechanism of inhibition requires 
the presence of a higher concentration of Strept F or its product(s). However, if 
concentration was the problem, an increase in Strept F inoculum and in the 
surface area of the bran substrate should improve suppressive ability. It appears, 
therefore, that these two factors are not limiting. Other factors such as, 
inhibition by substances produced during metabolism, the particular growth stage 
of the inoculum, and gaseous restriction [Williams et al., 1972] may be playing a 
role in limited colonization and inhibition activity. 
Dry Formulation 
The dry bran substrate, applied at a rate of 0.5 and 1.0 g per pot 
significantly (P=0.01) inhibited the growth of R. solani by approximately 36% 
and 24% compared to the untreated controls. The two rates were also 
significantly (P=0.01) different. In a second experiment, rates of 0.5 and 0.25 g 
per pot inhibited growth of R. solani by only 12% and 9%, respectively (Figure 
4.3). 
The lack of greater suppression at 1.0 g per pot may be the result of a 
greater amount of uncolonized bran serving as a food source for R. solani and 
contaminants, such as Penicillium spp. As with the preliminary tests, using non- 
inoculated bran as a control treatment, all of the Strept F-colonized bran 
treatments became infested with Penicillium spp.; the greater amount of bran 
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added, the greater the contamination. This was unexpected since Strept F was 
grown on the bran for 7 days. It was also unexpected that this formulation did 
not exhibit greater inhibition than a 36% reduction in R. solani growth. Liquid 
culture treatments had given up to a 70% reduction. There may be many 
reasons for a lack of suppression, as noted in the last section. However, it is 
likely that the problem with this formulation is a lack of active cells. By direct 
and microscopic observation, the dry formulation appeared to consist of a large 
number of spores, at least on the surface. 
Rehydrated Formulation 
Experiment 1 
The dry bran formulation rehydrated for approximately 48 hr significantly 
(P = 0.01) inhibited the growth of R. solani by approximately 16% compared to 
the untreated control treatment (Figure 4.4). 
Experiment 2 
Applying the rehydrated bran in 1.0 ml water had no effect on inhibition 
compared to no additional water added. It was thought that the water would 
help spread the inoculum more evenly on the grass and help to establish the 
Strept F in the pots. There was also no significant interaction between the two 
applications and rehydration times. There were, however, significant differences 
between the length of rehydration time. The rehydration period of 48 hr gave 
the greatest amount of suppression, an approximately 28% reduction to the 
growth of the R. solani. followed by 36, 24 and 0 hr rehydration period (Figure 
4.5). 
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Experiment 3 
The Strept F-colonized bran rehydrated for 48 and 64 hr significantly 
(P = 0.01 or P = 0.05) decreased the growth of the pathogen by up to 20% 
compared to respective untreated controls. There was no significant difference 
between the rehydration times. Surprisingly, the 0.1 ml inoculum level was 
significantly (P=0.05) more effective than adding Strept F at 0.2 ml per 5 g bran 
(Figure 4.6). If population size was not a limiting factor in suppression, the 
same amount of suppression for both inoculum rates would be expected, as seen 
in the fresh formulations. However, there is no apparent reason for the 
decrease in suppression at the higher rate observed in this experiment. 
Treatments rehydrated with the greater amount of water and incubated 
for 48 hr were not suppressive compared to the untreated controls (Figure 4.7). 
Rehydration with 0.5 ml water made the bran barely moist, while doubling the 
amount left standing water on the plate. The results, therefore, are not 
surprising since Streptomvces spp. are known to grow best in drier conditions. 
Williams et al. [1972] found that humid soil with air-filled spaces supported the 
greatest growth of streptomycetes, while water-filled pores reduced their radial 
growth. 
Storage of Dry Formulation 
Results of the storage experiment are presented in Figure 4.8. Although 
the Strept F population appears to increase during the third to sixth week, the 
change in population size is not statistically significant over the 7 wk period due 
to the great variation among the three samples. Because cfu counts obtained 
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from small petri plates were very consistent, it is likely that the variation in this 
experiment is due to the fact that the three samples were drawn randomly from 
a composite sample of Strept F grown in large containers, where it was difficult 
to thoroughly mix the inoculum. Although the mixture was well mixed after 
drying, pockets of larger and smaller quantities of Strept F propagules could 
have remained. A larger number of samples may have remedied the variation 
problem. Growth in the large containers was probably not optimal since the cfus 
recovered were considerably lower than obtained from smaller petri plates. 
However, despite the variation and the low recovery rate, the data show that 
Strept F propagules, grown on bran and air-dried, remain viable for up to 7 wk 
in cold storage. 
Summary 
The dry formulation demonstrated the greatest and the third greatest 
reduction of R. solani growth compared to the controls, 36% and 24%, 
respectively. The second greatest inhibition was observed with the dry bran 
rehydrated for 48 hr, inhibiting R. solani by 28% compared to the control. 
However, in other experiments, the dry and 48 hr rehydration formulations were 
not as effective, suppressing the pathogen by 12% and 18%, respectively. 
The inconsistency between experiments and the low degree of suppression 
observed precludes concluding that any of the formulations tested is optimal. 
The dry formulation, however, which can be stored successfully for up to 7 wk, is 
desirable because of the potential for making applications using predictive 
disease models. 
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Strept F in water 
E3 0.2 ml/ 1 ml 
m 0.2 ml/ 2 ml 
0.5 ml/ 1 ml 
cm 0.5 ml/ 2 ml 
■ Untreated oontrol 
Figure 4.1 Mean radial growth (cm) of Rhizoctonia sol ani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g of 
bran colonized by a Streptomvces sp. isolate (Strept F). Bran 
was incubated with 0.2 ml or 0.5 ml Strept F liquid culture for 
48 hr. Application was made in 1.0 ml or 2.0 ml sterile 
distilled water. Pots receiving the pathogen, but no Strept F- 
bran treatments, were used as controls; four replications per 
treatment. Bars with the same letters are not significantly 
different (P=0.01) according to Duncan’s multiple range test 
(Appendix D, Table D.13A). 
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Mean radial growth (cm) of R. solani 
2 |—-- 
Age of Strep F inoculum (hours) 
Bran - StreDt F (ml) 
E53 Blended-1.0 
Blended-0.5 
m Blended-0.1 
n Unblended-1.0 
Unblended-0.5 
si] Unblended-O.OI 
Control 
Figure 4.2 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g 
bran colonized by a Streptomyces sp. isolate (Strept F). The 
bran, either blended or non-blended, was incubated with 0.1, 
0.5, or 1.0 ml Strept F liquid culture for 48 or 64 hr. Pots 
receiving the pathogen, but no Strept F-bran treatment, were 
used as controls; four replications per treatment. All 
treatments were significantly different (P=0.01) than their 
respective control and "a","b" indicate significant difference 
between incubation times according to single-degree-of-freedom 
contrasts. The incubation times were compared after subtracting 
the mean of the respective control from the original data of the 
other treatments (Appendix D, Table D.13B). 
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A 
Mean radial growth (om) of A solan! 
1.8 |- 
Rate Of application 
L—J 1.0 s/pot 
G3 0.6 8/pot 
Control 
B 
1.6 
1.4 
1.2 
1 
0.8 
0.6 - 
0.4 - 
0.2 - 
0 
Mean radial growth (om) of A solan! 
Rate of application 
L_J 0.6 g/pot 
E3 0.26 8/pot 
Control 
Figure 4.3 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of A) 0.5 or 
1.0 g and B) 0.25 or 0.50 g dried bran colonized by a 
StreDtomvces sp. isolate (Strept F). Pots receiving the 
pathogen, but no Strept F-bran treatment, were used as controls; 
six replications per treatment. Bars with the same letters are 
not significantly different (P=0.01) according to Duncan’s 
multiple range test (Appendix D, Table D.13C,D). 
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Figure 4.4 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g 
bran colonized by a Streptomvces sp. isolate (Strept F), dried 
for 3 days, and rehydrated for 48 hr. Pots receiving the 
pathogen, but no Strept F-bran treatment, were used as controls; 
four replications per treatment. Bars with the same letters are 
not significantly different at P=0.01 (Appendix D, Table D.13E). 
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Mean radial growth of R. solan} 
2.5 
0 24 36 48 
Rehydration time (hours) 
Treatments 
; i 0.0 ml water 
k\\\N 1.0 ml water 
Control 
Figure 4.5 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g 
bran colonized by a Streptomvces sp. isolate (Strept F). The 
bran was rehydrated for 0, 24, 36, or 48 hr and applied in 0.0 
or 1.0 ml water. Pots receiving the pathogen, but no Strept F- 
bran treatment, were used as controls; four replications per 
treatment. *, ** indicate significance at P=0.05 and P=0.01, 
respectively, compared to the untreated control for each 
rehydration time and rehydration times with the same letters 
above the bars are not significantly different (P=0.01), 
according to single-degree-of-freedom contrasts. The rehydration 
times were compared after subtracting the mean of the respective 
control from the original data (Appendix D, Table D.13F). 
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Mean radial growth of R. solani 
1.6 
1.4 
1.2 
1 
0.8 
0.6 
0.4 
0.2 
0 
48 64 
Rehydration time (hours) 
Figure 4.6 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g 
bran colonized by a Streptomvces sp. isolate (Strept F). The 
Strept F-colonized bran was dried for 3 days and rehydrated for 
48 or 64 hr. The bran was inoculated with 0.1 (standard) or 0.2 
ml Strept F liquid culture. Pots receiving the pathogen, but no 
Strept F-bran treatment, were used as controls; four 
replications per treatment. *, ** indicate significance at 
P=0.05 and P=0.01, respectively, compared to the untreated 
control for each rehydration time according to single-degree-of- 
freedom contrasts. The inoculum rates were also significantly 
(P=0.05) different. They were compared after substracting the 
mean of the respective control from the original data (Appendix 
D, Table D.13G1,2). 
Inoculum rate 
0.1 ml 
0.2 ml 
Control 
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Figure 4.7 Mean radial growth (cm) of Rhizoctonia solani in 
pots of bentgrass, at 28 C, 36 hr after application of 0.5 g 
bran colonized by a Streptomvces sp. isolate (Strept F) and 
rehydrated with 0.5 (standard) or 1.0 ml water for 48 hr. Pots 
receiving the pathogen, but no Strept F-bran treatment, were 
used as controls; four replications per treatment. Bars with the 
same letters are not significantly different (P=0.01) according 
to Duncan’s multiple range test (Appendix D, Table D.13G3). 
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Cfu X 104/g bran 
Figure 4.8 Mean number of colony-forming units (cfu) X 104/g 
bran recovered from bran colonized by a Streptomvces sp. isolate 
(Strept F), dried, and stored at 4 C. Counts were enumerated on 
nutrient agar (Difco) after three days at 28 C. Each mean 
represents 12 data points; three samples from the bulk mixture 
and four plates per dilution per sample. (Statistical analysis: 
Appendix D, Table D.14). 
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CHAPTER V 
SUMMER 1990 FIELD TRIALS 
Introduction 
The two most effective antagonists from the laboratory screening 
bioassay, Strept F and CATV, were evaluated in 1990 field trials. Liquid culture 
treatments of both agents were tested for dollar spot suppression, while only 
Strept F was tested against brown patch because of limited space. Although 
liquid culture is not the optimal formulation for field application, successful 
control has been obtained by other organisms applied in this fashion [Abd El 
Moity, 1981; Baker et al., 1985; Broadbent et al., 1971; Elad and Chet, 1987; 
Marois et al., 1982; Rose et al., 1980]. Two major problems with this 
formulation are: 1) survival and establishment of the organism without physical 
protection and without a food source, and 2) the unused medium in the liquid 
culture serving as a nutrient source for the pathogens. A commeal topdressing 
treatment was included in the trial to aid in the survival and establishment of the 
biocontrol organisms. The culture media were included as treatments to study 
their effect on disease development under field conditions. 
Materials and Methods 
The field trials were conducted on established stands of ‘Penncross’ 
creeping bentgrass, at the University of Massachusetts Turfgrass Research 
Facility, South Deerfield, MA. The soil is a Hadley silt loam (coarse silty, 
mixed, nonacid, mesic typic Udifluvent). Maintenance of the turf was similar to 
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putting greens of a typical golf course. Greens were mowed three times weekly 
to maintain a height of 0.25 cm. Nitrogen was applied at a rate of 120 kg/ha 
per year (equivalent to 2.5 lb/1000 ft2) and 216 kg/ha per year (equivalent to 4.5 
lb/1000 ft2) to the dollar spot and brown patch plots, respectively. Irrigation was 
applied to prevent wilting. 
The antagonists were supplied by BTI in the same liquid medium as 
previously reported. They were shipped in coolers via overnight express mail as 
needed. The inoculum was observed microscopically to ensure the presence of 
vaible and uncontaminated cultures. Applications were made to plots in the late 
afternoon after 10 min of irrigation to increase chances of survival of the 
biocontrol agents. 
Dollar Spot Trial 
Plots (1 X 1 m) were established on a green with a history of dollar spot 
and maintained at low nitrogen fertility to enhance disease development. Two 
methods of applications were used for both of the biocontrol organisms. 1) A 
single pre-season application of a topdressing composed of 100 ml of the liquid 
culture added to 200 cm3 sandicorameal mixture (70:30, v/v) was applied to each 
plot. 2) A drench consisting of the liquid culture diluted in water was poured 
onto each plot with a watering can. Two concentrations were used: 400 and 40 
ml liquid culture each diluted in water to a total volume of 3.7 L. 
The drench treatments were applied at 7- or 21-day intervals. One set of 
21-day applications included an application of 3 g of 40% urea (nitrogen 
equivalent to 0.25 lb/1000 ft2) per plot. Other treatments included the 
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following: 1) a single pre-season application of a topdressing of 
sand:commeal:medium without the antagonist, 2) 400 ml medium diluted with 
water to a total volume of 3.7 L applied at 7-day or 21-day intervals, 3) 
chlorothalonil (Daconil 2787) at a rate of 9.39 kg a.i./ha (equivalent to 6 oz 
formulated product/1000 ft2) every 14 days, 4) urea applied every 21 days, and 
5) untreated plots. 
The first application of the two antagonists was made on June 1, prior to 
symptom development. Applications continued until August 16. Treatments 
were arranged in a randomized complete block design with four replications. 
The plots were evaluated weekly for disease development by counting the 
number of dollar spot disease foci in each plot. 
Brown Patch Trial 
Plots (1 X 3 m) were established on creeping bentgrass with a history of 
brown patch and maintained at high nitrogen fertility. The two methods of 
application were the same as for dollar spot, a single pre-season topdressing 
application and a drench of liquid culture diluted in water applied every 7 or 21 
days. The topdressing consisted of 225 ml liquid culture in a mixture of 500 cm3 
sandicommeal (70:30, v/v). Liquid culture drench was applied as 800 ml diluted 
with water to a total volume of 7.6 L per plot. Other treatments included: 1) 
topdressing without Strept F, 2) 800 ml YMLG medium diluted in water to a 
volume of 7.6 L, 3) chlorothalonil (Daconil 2787) every 14 days at a preventive 
rate, 6.26 kg a.i./ha (equivalent to 4 oz formulated product/1000 ft2, and 4) 
untreated plots. 
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Topdressing treatments began June 16, while the remaining treatments 
were first applied on June 21 due to inoculum availability. The final application 
was made on August 16. The treatments were arranged in a completely 
randomized design, with four replications. Evaluation of treatment effects was 
made by measuring the diseased area in each plot as symptoms appeared 
throughout the season. 
Statistics 
A two-way ANOVA was used to analyze differences in treatment effect. 
Duncan’s multiple range test was used to separate treatment and block means. 
Results and Discussion 
Dollar Spot Trial 
Results of disease incidence are presented in Table 5.1. Surprisingly, the 
greatest number of spots were not observed on the untreated control plots but 
on plots of six CATV treatments and the 7-day YMLG medium treatment. 
These treatments had significantly (P=0.01) greater disease incidence than the 
chemical control and a number of other treatments including: Strept F 
concentrated liquid culture and dilute liquid culture applied every 21 days with 
nitrogen, Strept F topdressing, and HAC and YMLG media applied every 21 
days with nitrogen. Most treatments were not significantly different than the 
chemical control, even though the chemical control had very few spots present. 
In part, this is due to the great amount of variation between and within the 
blocks, as seen in the standard deviations (Appendix D, Table D.15). The 
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second block, in the southwest comer of the trial, had significantly (P = 0.01) 
fewer spots than the other blocks; this may be a result of it receiving less water 
because of its distance from the irrigation head and because the prevailing winds 
in the summer blow the irrigation spray away from it. Differences in the amount 
of irrigation may have also caused the variation within blocks. The plots at the 
edges of some of the blocks probably received less water, while those interior 
and closer to the irrigation head received more water, and thus, sections of 
individual blocks may have varied in susceptibility to disease development. 
The three most suppressive Strept F treatments were the Strept F- 
topdressing and the 21-day application of Strept F liquid culture at both rates 
with nitrogen. The 7-day liquid culture applications might be expected to 
promote greater suppression, but did not. This is possibly the result of addition 
of a larger quantity of medium from the liquid culture. Because the applications 
were made in the evenings, _S. homeocarpa may have been able to utilize the 
YMLG medium before other competing micro-organisms, especially the medium 
remaining on the grass blades overnight. Saprophytic growth of S. homeocarpa 
on leaf exudates often precedes infection and disease development. The 7-day 
YMLG medium treatment may be conducive to disease for the same reason. 
The FLAG medium does not appear to increase disease incidence. However, 
both media show some suppression of dollar spot when applied every 21 days 
with a nitrogen amendment. It may be that the media are conducive or 
suppressive to dollar spot depending on the quantity introduced, on the 
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microorganisms that are most competitive at the time of application, and the 
nitrogen fertility of the turfgrass. 
It is difficult to understand why six CATV bacterial treatments were more 
conducive to disease than the untreated controls, especially since the HAC 
medium does not seem to increase disease. The CATV isolate, however, may be 
competing with other microorganisms which normally inhibit S>. homeocarpa. 
Most of the treatments that showed promising suppression of dollar spot 
included a nitrogen amendment. However, some of the most conducive 
treatments included the nitrogen amendment. No statistical analysis could be 
performed on the nitrogen effect because of the experimental design. 
While it is well documented that dollar spot is suppressed by similar rates 
of nitrogen, some treatments including the nitrogen amendment resulted in more 
disease than the same treatments without nitrogen. Perhaps the nitrogen effect 
was overcome by the media effects. 
Brown Patch Trial 
There were no significant treatment effects, except the chemical control, 
in the brown patch trial due, in part, to the great variation between replicates. 
However, trends were observed throughout the season and are reported in Table 
5.2. The Strept F topdressing was the most suppressive treatment, excluding the 
chemical control, reducing disease 61.58% and 66.53% compared to the 
untreated control and the control topdressing treatments, respectively. The 
Strept F liquid culture drench treatment applied every 7 days was somewhat 
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suppressive, while the 21-day liquid culture application and the 7-day YMLG 
medium treatments were more conducive to disease than the untreated control. 
One reason that the 7-day liquid culture treatment suppressed brown 
patch, but not dollar spot, could be that brown patch outbreaks occur rapidly 
under specific weather conditions. Substantial outbreaks occurred 14 and 18 
days after the application of the 21-day treatment; the Strept F population may 
have been too low to inhibit R. solani growth. The application made every 7 
days may have maintained the population at a suppressive level. The addition of 
the medium from the 7-day liquid culture application, that appears to have 
increased dollar spot development, may not have had as great an effect on 
brown patch development. Unlike _S. homeocarpa. growth of R. solani is favored 
by higher temperatures than found on the majority of nights in which 
applications were made. Therefore, the excess medium might be consumed by 
other micro-organisms and not be available in large enough quantities to affect 
the growth or pathogenicity of R. solani. However, as seen in the dollar spot 
trial, YMLG medium applications every 7 days appear to be conducive to 
disease, probably serving as a nutrient source for the fungus. R. solani has a 
highly competitive saprophytic ability in soil [Papavizas and Davey, 1961]. 
Summary 
Strept F appears to have some suppressive effect on both dollar spot and 
brown patch in the field, while CATV shows no influence on dollar spot. The 
apparent conduciveness of the YMLG medium may be negating greater 
suppressive ability of Strept F. Replacing the liquid culture formulation with an 
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organic carrier which selectively promotes the growth and antagonism of Strept 
F should better demonstrate the potential of Strept F as a biocontrol agent. 
Although statistical analysis was not performed on the effect of nitrogen 
as an independent variable, the data suggest that it is involved in increasing 
disease suppression when applied with a biocontrol organism. 
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TABLE 5.1 Dollar spot rating", 1990, on an established creeping 
bentgrass putting green treated with biocontrol agents, Strept F 
and CAIV. 
Treatments11 
Mean number of 
spots Der d! otc 
Chemicald 1.50 ae 
Strept F-Concentrate liquid culturef-21d + N9 3.25 ab 
HACl’-Medium-21d + N 5.75 abc 
Strept F-Topdressing1 6.25 abed 
Strept F-Dilute liquid culturej-21d + N 5.00 abed 
Strept F-Dilute liquid culture-21d 5.75 abed 
YMLG -Medium-21d + N 7.00 abed 
Untreated Control + N 5.50 abede 
HAC-Medium-21d 5.75 abede 
Strept F-Dilute liquid culture-21d 7.00 abede 
HAC-Medium-7d 7.50 abede 
CAIV-Topdressing 7.00 abede 
Control-Topdressing 7.25 abede 
Strept F-Concentrate liquid culture-21d 9.00 abede 
Strept F-Concentrate liquid culture-7d 8.75 abede 
Untreated control 8.25 abede 
CAIV-Dilute liquid culture-21d + N 9.75 bede 
CAIV-Concentrate liquid culture-21d 12.00 bede 
CAIV-Dilute liquid culture-21d 9.75 bede 
YMLG-Medium-7d 14.00 bede 
CAIV-Concentrate liquid culture-21d + N 14.00 ede 
YMLG-Medium-21d 15.25 ede 
CAIV-Dilute liquid culture-7d 18.25 de 
CAIV-Concentrate liquid culture-7d 17.25 e 
"Rating made on August 9; representative of ratings made 
throughout the season. 
Applications began on June 1 and continued through August 16. 
All liquid treatments were diluted in water to a total volume of 
3.7 L per plot. 
cPlot size=l X 1 m; Plots were arranged in randomized complete 
block design; four replications per treatment. 
dChlorothalonil applied at a rate of 9.39 kg a.i./ha2 every 14 
days. 
lumbers in columns followed by the same letter are not 
significantly different (P=0.05) according to Duncan’s multiple 
range test. Square root transformation of the data was used for 
statistical analysis. 
Concentrate liquid culture=400 ml per plot. 
9Nitrogen applied at a rate of 3 g of 40% urea per plot, 
equivalent to 0.25 lb/1000 ft2, every 21 days. 
hHAC=culture medium for CAIV. 
iTopdressing=A single application of cornmeal:sand:mediurn (1:3:1, 
v/v/v) at a rate of 200 cm3 per plot. The medium was either 
colonized by one of the isolates or not colonized (Control- 
Topdressing). 
jDilute liquid culture=40 ml per plot. 
kYMLG=culture medium for Strept F. 
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TABLE 5.2 Brown patch rating0, 1990, on an established creeping 
Strept^ 9reen treated with a Streptomvce.s sp. isolate, 
Treatment*1 
Mean percentage 
of total area dispaspd6 
Chemical11 0.00 ae 
Strept F-topdressingf 2.33 ab 
Strept F9-7d 3.88 b 
Untreated control 5.12 b 
YMLGh-medium-21d 5.86 b 
Strept F-21d 5.42 b 
Control-topdressing 6.92 b 
YMLG-medium-7d 7.24 b 
“Rating made on August 13 is representative of ratings throughout 
the season. 
bAl 1 treatments were first applied on June 21, except topdressing 
treatments which were applied on June 16. The final application 
was made on August 16. 
Plot size=l X 3 m; Plots arranged in a completely randomized 
design; four replications per treatment. 
Chiorothaloni1 applied at the rate of 6.26 kg a.i/ha every 14 
days. 
"Numbers in columns followed by the same letter are not 
significantly different (P=0.05) according to Duncan’s multiple 
range test. Arcsine transformation of the data was used for 
statistical analysis (Appendix D, Table D.16). 
fTopdressing=A single application of cornmeal:sand:mediurn (1:3:1, 
v/v/v) applied at a rate of 500 cm3 per plot. Medium was either 
colonized by Strept F (Strept F-Topdressing) or not colonized 
(Control-Topdressing). 
9Strept F=Liquid culture applied at a rate of 800 ml diluted in 
water to a total volume of 7.6 L per plot every 7 or 21 days. 
hYMLG=culture medium for Strept F applied at the same rate and 
time intervals as the 1iquid culture. 
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CHAPTER VI 
SUMMER 1991 FIELD TRIALS 
Introduction 
From the laboratory screenings of substrate and formulation, it was hoped 
that an organic substrate treatment would be available for 1991 field trials. 
Although the bran formulations did not give excellent control in the pot 
bioassays, weekly applications in the field, may have improved its suppressive 
ability. However, time constraints made it impossible for the Strept F bran 
formulation to be produced in sufficient quantities needed for the field trials. 
Instead, a cell suspension of Strept F was used. This treatment replaced the 
liquid culture treatment of 1990 to eliminate the effect of the medium. Again, 
although this is not an optimal formulation for field applications, successful 
control has been observed in similar work [Abd El Moity, 1981; Baker et al., 
1985; Broadbent et al., 1971; Elad and Chet, 1987; Marois et al., 1982; Rose et 
al.,1980]. 
Materials and Methods 
Field plots for dollar spot and brown patch trials were established as in 
1990, with a few minor changes. A randomized complete block design was used 
for both diseases and five replicates per treatment were used instead of four. 
Strept F inoculum, a cell suspension in 0.085% NaCl solution, was supplied by 
EcoScience, Inc. (Amherst, MA). To ensure the viability of the propagules and 
determine the concentration of the inoculum (approximately 1 X 107 propagules/ 
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ml), a standard dilution series was performed at EcoScience, Inc. The cell 
suspension was kept cool until late afternoon when it was applied with a 
watering can to irrigated field plots. The single topdressing applications were 
also employed, as in 1990, with a slightly different ratio of components and at a 
greater application rate. Because the cells could not be stored, it was impossible 
to use the predictive disease models as planned. Therefore, applications were 
made strictly on a calendar basis. 
1990 Dollar Spot Trial Rating 
A dollar spot outbreak occurred before the 1991 inoculum was available 
for application. This made it possible to evaluate the overwintering effect of the 
1990 treatments. The plots were rated for disease incidence, as in 1990. A 
section of the 1990 trial included the plots to be used in the 1991 trial, enabling 
an initial disease rating to be made on the 1991 plots. 
Dollar Spot Trial 
The cell suspension treatments were applied every 7 and 21 days at a rate 
of 400 ml resuspended cells diluted in water to a total volume of 3.7 L per plot. 
The topdressing consisted of commeal: sand: YMLG medium, (1:3:1, v/v/v) 
either colonized or not colonized by Strept F. It was applied at a rate of 650 
cm3 per plot. For each treatment and the untreated control, there was a 
correspond-ing treatment with a nitrogen amendment of urea, at the same rate 
as in 1990, applied every 21 days. The chemical treatment was the same as that 
applied in 1990. 
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The first application was not made until June 22 due to problems with the 
bran formulation which was finally abandoned. To control the first outbreaks of 
dollar spot that occurred before a biocontrol application was made, 
chlorothalonil (Daconil 2787) was applied on May 25 and June 9, at rates of 9.39 
kg a.i./ha and 6.26 kg a.i./ha rate, respectively. The last application of Strept F 
was made on August 7. Ratings of treatments were made, as in 1990, after 
disease outbreaks. For the third rating, a disease severity index was used. 
Brown Patch Trial 
The cell suspension treatments were applied every 7 and 14 days at a rate 
of 800 ml resuspended cells diluted in water to a total volume of 7.6 L per plot. 
The topdressing was prepared as for the dollar spot trial and applied at a rate of 
1450 cm3 per plot. There were also untreated control and chemical treatments, 
as in the 1990 trial. 
Applications began on June 19 and continued through August 7. Disease 
rating was performed as in 1990. 
Population Study 
Selective Medium Development 
A selective medium is required to monitor the Strept F population in the 
field. Preliminary screening for the production of distinctive Strept F colonies 
was performed by plating a serial dilution of liquid Strept F inoculum onto 
various media. The media tested were: a starch-casein-nitrate and a glycerol- 
casein-nitrate medium developed by Kuster and Williams (1964) and 
Actinomycete Isolation Agar (ALA), (Difco). NA was used as the control. 
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Tolerance to antibiotics was also tested. Strept F has been shown to be sensitive 
to the following antibiotics: erythromycin, tetracycline, rifampicin, kanamycin, 
thiostrepton, and streptomycin. It is resistant to spectinomycin at 5 ug/ml, 
chloramphenicol at 20 ug/ml, and ampicillin at 100 ug/ml [Michael Matheny, 
BTI, personal communication]. The latter two antibiotics, as well as 
cycloheximide (1000 ug/ml), which is generally tolerated by Streptomvces spp. 
[Corke and Chase, 1956; Dulaney et al., 1955], and various combinations of 
these antibiotics at lower concentrations were tested. Results are reported in 
Appendix C. 
Field Monitoring 
Because of the difficulty in developing a definitive selective medium, 
Strept F population size was monitored by enumerating the relative number of 
total actinomycetes in each of the treatment plots using AIA 
Soil-core samples were taken from the disease trial plots. To avoid 
destruction of the plots, a 7 mm diameter cork borer was used to randomly 
remove twenty samples from each plot. The cores, three cm in length (which 
included blades, thatch and roots), were combined into one sample. From each 
of these consolidated samples, one 10-g subsample was placed in a paper bag, 
oven-dried at 56 C, and weighed. Another 10-g subsample was placed in an 
Osterizer blender with 90 ml sterile, distilled water and blended at high speed 
for 1 min to produce a slurry. Three samples were removed from the sluny and 
standard serial dilutions were performed. One-tenth ml aliquoits from the 10“ 
and 104 dilutions, were spread on AIA in 15 X 100 mm diameter petri plates. 
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The plates were incubated at 28 C for 5 days. To accurately count the colonies 
of actinomycetes, other bacterial colonies were removed by gently wiping the 
agar with a damp sponge. The population size of actinomycetes is reported as 
cfu/gram dry soil, averaging the three slurry samples. 
This procedure was followed for both the dollar spot and brown patch 
plots prior to the first Strept F application to determine the resident population 
size of each plot. Subsequent sampling was done every 3 wk for the dollar spot 
trial, preceding the 21-day treatments, and every 2 wk for the brown patch trial, 
preceding the 14-day treatment. 
Statistics 
Treatment effects on disease incidence were analyzed using two-way 
ANOVA. Duncan’s multiple range test was used for the separation of means. 
Population changes were analyzed using repeated measures within the GLM 
procedure. Newman-Keuls pooled test for repeated measures was used to 
separate means. The relationship between disease incidence and population size 
was examined using Pearson’s correlation analysis. 
Results and Discussion 
1990 Dollar Spot Trial Rating 
There were no significant effects from 1990 treatments carrying over to 
1991 (Table 6.1). It is interesting to note, however, that five of the seven 
treatments most severely diseased in 1991 also had the highest disease incidence 
in 1990. The other two treatments were the untreated control and, surprisingly, 
the Strept F-topdressing. Also noteworthy is the fact that the chemical 
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treatment and the Strept F dilute liquid culture applied every 21 days with 
nitrogen, had the fewest and second fewest spots. However, other treatments 
that were somewhat suppressive to dollar spot in 1990 did not appear to 
maintain suppressiveness over the winter. 
The fact that the disease control by the chemical treatment appears to 
persist over the winter, although not significantly, is important information for 
researchers repeating experiments in the same area year after year. However, 
analysis of the initial disease incidence on the 1991 treatment plots after 
randomization, showed no 1990 treatment effects remaining (Appendix D, Table 
D.18). In addition, especially for dollar spot, any effects from the previous year’s 
treatment are likely eliminated once disease develops because the mycelium is 
so readily spread by mowing. Also, for this particular trial, the amount of dollar 
spot inoculum should be consistent throughout the plots because of the two 
fungicide treatments applied before the first biocontrol application. 
Dollar Spot Trial 
Disease 
Disease was rated only three times during the season due to early disease 
development; plots were so heavily diseased by the third rating, a severity index 
had to be used. Data for the three dates are presented in Table 6.2. Although 
the only statistically significant effect was seen with the chemical treatment, it is 
interesting to look at the changes in the order of the other treatments with 
respect to disease severity over the rating period. The 7-day Strept F cell 
suspension treatment was the most suppressive at the first two ratings, but 
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dropped to nearly the least suppressive by the third rating. Similarly, the 7-day 
Strept F cell suspension with nitrogen showed suppression at the first rating, but 
suppression declined at the second and third ratings. On the other hand, the 
Strept F-topdressing was initially conducive to disease, but by the second and 
third ratings demonstrated suppressiveness. The 21-day Strept F cell suspension 
with nitrogen and the Strept F-topdressing with nitrogen were suppressive early 
and remained suppressive to the end of the season. Surprisingly, as seen in 
1990, the untreated control plots did not develop the greatest amount of dollar 
spot. Furthermore, the untreated control and the control-topdressing treatments 
with nitrogen were more conducive to disease than the same treatments without 
nitrogen. Again, as was mentioned in the 1990 results, there is no explanation 
for the increased disease incidence with the nitrogen amendment. 
Because there was no medium effect in this year’s trial, the loss of 
suppression of the 7-day treatments is not easily explained. It may be that the 
number of Streptomvces spp. niches are finite without the addition of nutrients. 
After the initial exchange of the native Streptomvces for Strept F, there may be 
no population increase. Thus, there would be no advantage in making applica¬ 
tions every 7 days. The Strept F-topdressing treatment may have promoted an 
increased number of niches for Streptomvces spp. by introducing a fairly complex 
nutrient source, commeal. Thus, over the season, the Strept F population may 
have become established, explaining the increase in suppression observed. 
However, this does not explain the consistent suppression by the 21-day 
Strept F cell suspension with nitrogen. It is tempting to attribute the suppression 
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to the nitrogen amendment since the Strept F-topdressing was more suppressive 
with the nitrogen amendment than without. However, as mentioned earlier, 
some plots receiving the nitrogen amendment demonstrated increased disease 
incidence. 
Blocks 4 and 5 had significantly higher disease incidence (Appendix D, 
Table D.19). As explained in the 1990 trial, the placement of the irrigation head 
and the prevailing summer winds probably resulted in these blocks receiving 
more water than the other blocks, leading to greater susceptibility. However, the 
layout of the plots in 1991 seems to have helped lessen the variation within 
blocks seen in the 1990 trial. 
Population Study 
The relative size of the Strept F population was not affected by treatment 
X. 
(Figure 6.3). There was also no interaction between time and treatment. 
However, the overall population size decreased significantly (P = 0.01) over time. 
This was unexpected because warmer temperatures, generally conducive to 
actinomycete growth, later in the season should have resulted in an greater 
population size. However, other factors such as moisture level may have played 
a role in the population decline. 
There was no correlation between the relative population size of Strept F 
and disease incidence (Appendix D, Table D.22A). These results help to explain 
the lack of significant suppression of dollar spot by Strept F. Although the 
entire population of actinomycetes was monitored rather than Strept F alone, 
the large quantities of Strept F applied would be expected significantly increase 
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the number of cfus recovered. Therefore, these data suggest that Strept F either 
does not survive the application or, more likely, survives but is not active in this 
soil environment. The latter phenomenon is well-documented. Streptomvces 
spp. are greatly dependent on nutrient sources for germination and growth; when 
introduced into soil as spores, they remain dormant until stimulated by nutrients. 
Mycelium, predominant in liquid formulations, likely sporulates when introduced 
into the soil if nutrients are not available. 
Brown Patch Trial 
Disease 
The data for the three disease ratings are reported in Table 6.4. Brown 
patch developed on all plots, except for the chemical control treatment. The 
greatest area diseased was consistently observed on plots of the untreated 
control, Strept F-topdressing, and the 14-day Strept F cell suspension. At the 
second rating, the Strept F-topdressing application had significantly (P=0.01) less 
disease than the untreated control, but at the two other ratings, there were no 
significant difference observed. The 7-day Strept F cell suspension treatment 
had significantly (P=0.01) less area diseased than the untreated control two out 
of the three ratings. However, the control-topdressing also significantly (P = 0.01) 
suppressed brown patch compared to the untreated control at all three ratings. 
This result is not surprising. Goodman and Burpee [1991] report lower dollar 
spot incidence with a commeal topdressing than untreated controls. The 
commeal from the control-topdressing may serve as a nutrient source for native 
actinomycetes and other soil microorganisms which normally have an inhibitory 
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effect on brown patch. However, the same beneficial effect should be seen with 
the Strept F-topdressing (as was seen in both of the 1990 trials and the 1991 
dollar spot trial). The suppressiveness of the 7-day Strept F cell suspension 
helps to support results from 1990. However, without the apparently disease- 
conducive effect of the YMLG medium, greater suppression is expected. This 
fact, along with the lack of suppression of the Strept F-topdressing treatment, 
makes confirmation of trends seen last year, at best, uncertain. 
There was a significant (P=0.01) block effect for the first rating only. 
Block four (in the interior of the trial area) had greater disease incidence than 
three other blocks (Appendix D, Table D.20). Because the variation cannot be 
explained by any obvious physical factor, and significance was lost after the first 
rating, it is likely the result of different densities of the native population of R. 
solani. 
Population Study 
The relative population size of Strept F did not significantly respond to 
treatment. There was also no interaction between treatment and time. 
However, there was a significant (P=0.05) decrease in the population size 
between sampling dates July 17 and July 29 (Table 6.5). As discussed in the 
dollar spot trial, a decline in the population size was unexpected and can only be 
explained by influencing factors other than temperature, such as moisture level. 
As in the dollar spot trial, there was no correlation between population size and 
disease incidence (Appendix D, Table D.22B). 
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Summary 
At best, the results indicate that Strept F has potential as a biocontrol 
agent of dollar spot and brown patch. It is likely that a liquid formulation 
(either medium or buffer solution) of Strept F does not promote its survival or 
establishment. Although other biocontrol agents have been suppressive when 
delivered in a liquid formulation, Streptomvces spp. are highly dependent on 
nutritive sources for active growth. An organic carrier may be necessary for any 
suppressiveness to be observed by Strept F. Surely, at least a portion of the 
suppression seen in the inhibition plates should be transferable to the field with 
a delivery system that keeps Strept F active in the soil. 
Finally, it seems crucial to have a minimum of five replications to reduce 
the influence of uncontrollable factors, such as the placement of irrigation heads 
and prevailing wind directions, as well as from the variation in the distribution of 
the native pathogen population, especially R. solani. 
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TABLE 6.1 Dollar spot incidence, spring 1991“, on plots of 
creeping bentgrass treated with a Streptomvces sp. isolate 
(Strept F) and a Pseudomonas sp. isolate (CAIV) in 1990. 
Mean number 
Treatment_of spots per plotc 
Chemicald 13.75 
Strept F-Dilute liquid culturee-21d + Nf 17.25 
CAIV-Dilute liquid culture-21d + N 19.75 
Control-Topdressing9 20.50 
Strept F-Concentrate liquid cultureh-7d 21.25 
YMLG1-medium-21d + N 33.75 
Strept F-Dilute liquid culture-21d 25.50 
HACj-medium-7d 25.50 
Untreated control + N 24.75 
Strept F-Dilute liquid culture-7d 26.00 
HAC-medium-21d + N 26.50 
Strept F-Concentrate liquid culture-21d + N 31.25 
CAIV-Dilute liquid culture-21d 29.00 
Strept F-Concentrate liquid culture-21d 31.25 
CAIV-Topdressing 30.25 
YMLG-medium-7d 33.75 
HAC-medium-21d 31.25 
CAIV-Dilute liquid culture-7d 32.00 
Untreated control . 32.75 
Strept F-Topdressing 32.25 
YMLG-medium-21d 34.00 
CAIV-Concentrate liquid culture-21d 37.25 
CAIV-Concentrate liquid culture-21d + N 38.25 
CAIV-Concentrate liquid cu1ture-7d_39.25 
“Rating made on May 25, 1991. 
treatments began on June 1, 1990 and continued through August 
16, 1990. All liquid treatments were diluted in water to a total 
volume of 3.7 L per plot and applied every 7 or 21 days. 
cPlot size=l X 1 m; Plots were arranged in a randomized complete 
block design; four replications per treatment. (Statistical 
analysis: Appendix D, Table D.17). 
dChlorothalonil applied at a rate of 9.39 kg a.i./ha2 every 14 
days. 
“Dilute liquid culture=40 ml per plot. 
fNitrogen applied at a rate of 3 g 40% urea per plot, equivalent 
to 0.25 lb/1000 ft2, applied every 21 days. 
3Topdressing=A single application of cornmeal:sand:mediurn 
(1:3:1,v/v/v) at the rate of 200 cm3per plot. The medium was 
either colonized by the appropriate isolate or not colonized 
(Control-Topdressing). 
Concentrate liquid culture=400 ml per plot. 
1YMLG=culture medium for Strept F. 
jHAC=culture medium for CAIV. 
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TABLE 6.2 Dollar spot ratings, 1991, on an established creeping 
bentgrass putting green treated with a Streptomvces sp. isolate, 
Strept F. 
Treatment11 
Mean number 
of spots Der Dlot" 
July 2 July 9 July 16c 
Chemical*1 0.40 ae 0.00 0.0 
Strept Ff-7d 25.40 b 61.40 6.6 
Strept F-7d + N9 24.40 b 59.00 6.2 
Strept F—2Id + N 26.60 b 56.00 5.4 
Strept F-Topdressingh + N 25.80 b 58.00 6.0 
Untreated control 27.80 b 61.60 6.0 
Control-Topdressing 35.40 b 76.40 6.6 
Strept F-Topdressing 33.60 b 58.00 6.0 
Untreated control + N 33.60 b 61.60 6.6 
Strept F-21d 34.00 b 66.40 6.8 
Control-Topdressing + N 40.60 b 92.20 8.0 
aPlot size=l X 1 m; Plots were arranged in a randomized complete 
block design; five replications per treatment. 
Applications began on June 22 and continued through on August 7. 
CA severity index was for this date. 1=0% area necrotic, 10=50% 
area necrotic. The data were not transformed for statistical 
analysis. 
dChlorothalonil applied at a rate of 9.39 kg a.i./ha2 every 14 
days. 
eThe chemical treatment was significantly different (P=0.01) from 
the other treatments, for all three dates, according to Duncan’s 
multiple range test. The other treatments were not significantly 
different from each other. Square root transformation of the 
data was used for statistical analysis (Appendix D, Table D.19). 
fStrept F=400 ml cell suspension in a 0.085% NaCl solution, 
(approximately 107 propagules/ml), diluted in water to a total 
volume of 3.7 L per plot, applied every 7 or 21 days. 
9Nitrogen was applied at a rate of 3g of 40% urea per plot, 
equivalent to 0.25 lb/1000 ft2, every 21 days. 
hTopdressing= A single application of cornmeal:sand:medi urn 
(1:3:1, v/v/v) at the rate of 650 cm3 per plot. The medium was 
either colonized by Strept F (Strept F-Topdressing) or not 
colonized (Control-Topdressing). 
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Treatment 
Mean numberb of cfus X 105/q drv soil 
July 7e_July 31 
4.37 0.70 Chemicalf 
Strept F9-21d + Nh 
Untreated control + N 
Strept F-7d 
Control-Topdressing1 
Control-Topdressing + N 
Strept F-21d 
Untreated control 
Strept-Topdressing 
Strept-Topdressing + N 
Strept F-7d + N 
3.60 
2.87 
2.71 
2.59 
2.54 
2.23 
2.34 
1.86 
2.00 
1.72 
0.16 
2.46 
0.92 
1.32 
0.60 
2.00 
2.02 
1.10 
-0.95 
2.51 
The relative population size of Strept F was monitored by 
determining the total number of actinomycetes recovered usinq 
Actinomycete Isolation Agar (Difco). 
Mean of five treatment plots; one soil sample per plot, three 
subsamples per sample, and four plates per dilution. Plot size=l 
X 1 m; plots arranged in a randomized complete block; five 
replications per treatment. 
'C^=C°lo"y”form1n9 units Per 9ram dry soil subtracted from an 
initial cfu count for the plot taken before the first treatment 
application. 
^Applications began of July 22 and continued through August 7. 
The population size was significantly different (P=0.01) at the 
two sampling times. Square root transformation of the data was 
used for statistical analysis (Appendix D, Table D.21A). 
Chiorothaloni 1 applied at a rate of 9.39 kg a.i./ha* 2 every 14 
days. 
9Strept F=400 ml cell suspension in a 0.085% NaCl solution, 
(approximately 107 * propagules/ml), diluted in water for a total 
volume of 3.7 L per plot, applied every 7 or 21 days. 
Nitrogen was applied at a rate of 3 g of 40% urea per plot, 
equivalent to 0.25 lb/1000 ft2, applied every 21 days. 
Topdressing=A single application of cornmeal:sand:mediurn (1:3:1, 
v/v/v) at a rate of 650 cm3 * * * per plot. The medium was either 
colonized by Strept F (Strept F-Topdressing) or not colonized 
(Control-Topdressing). 
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TABLE 6.4 Brown patch rating, 1991, on an established creeping 
bentgrass putting green treated with a Streptomvces sp. isolate, 
Strept F. 
Percentage of total area“ diseased 
Treatment13 Julv 23 Julv 25 Auaust 1 
Chemical6 0.00 ae 0.00 a 0.00 a 
Control-Topdressingf 1.33 b 2.76 b 2.39 b 
Strept F9-7d 1.42 b 3.30 be 4.50 be 
Strept F-14d 2.57 be 4.91 cd 4.98 be 
Strept F-Topdressing 4.82 c 3.70 be 7.78 c 
Untreated Control 5.36 c 6.95 d 6.57 c 
“Plot size=l X 3 m; Plots arranged in a randomized complete block 
design; five replications per treatment. 
Applications began on June 19 and continued through August 7. 
Xhlorothalonil applied at a rate of 6.26 kg a.i./h2 every 14 
days. 
dNumbers in columns followed by the same letter are not 
significantly different (P=0.01) according to Duncan’s multiple 
range test. Arcsine transformation of the data was used for 
statistical analysis (Appendix D, Table D.20). 
eTopdressing=A single topdressing application consisting of 
cornmeal:sand:mediurn (1:3:1, v/v/v) at a rate of 1450 cm3 per 
plot. The medium was either colonized by Strept F (Strept F- 
Topdressing) or not colonized (Control-Topdressing). 
fStrept F=800 ml cell suspension in a 0.085% NaCl solution 
(approximately 10 7 propagules/ml), diluted in water to a total 
volume of 7.6 L per plot, applied every 7 or 21 days. 
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TABLE 6.5 Population dynamics of a Streptomvces sp. isolate, 
Strept F\ introduced to the brown patch trial plots. 
Mean number1* of the cfu X 10s per q soilc 
Treatment Jul v 3 Julv 17* Julv 29 Auaust 16 
Strept F-7df 8.75 8.10 7.23 8.35 
Strept F-Topdressing9 9.02 10.91 8.75 9.03 
Control-Topdressing 8.80 10.17 8.66 7.90 
Strept F-14d 9.43 9.57 8.22 9.61 
Untreated control 8.37 9.58 9.13 8.75 
Chemicalh 7.83 10.82 8.61 9.18 
aThe relative population size of Strept F was monitored by 
determining the total number of actinomycetes recovered using 
Actinomycete Isolation Agar (Difco). 
bMean of five treatment plots; one soil sample per plot, three 
sub-samples per sample;, and four plates per dilution. Plot size=l 
X 3 m; plots arranged in a randomized complete block; five 
replications per treatment. 
cCfu=C°lony-forming units per gram dry soil subtracted from an 
initial cfu count for the plot taken before the first treatment 
application. 
Applications began on June 19 and continued through August 7. 
“The population sizes recovered on July 17 and July 29 were 
significantly different (P=0.05) according to Keuls-Newman pool 
test for repeated measures (Appendix D, Table D.21B). 
fStrept F=800 ml cell suspension in a 0.085% NaCl solution, 
(approximately 107 propagules/ml), diluted in water to a total 
volume of 7.6 L per plot, applied every 7 or 14 days. 
9Topdressing=A single topdressing application consisting of 
cornmeal:sand:mediurn (1:3:1, v/v/v) at a rate of 1450 cm3 per 
plot. The medium was either colonized by Strept F (Strept F- 
Topdressing) or not colonized (Control-Topdressing). 
hChlorothalonil applied at a rate of 6.26 kg a.i./h2 every 14 
days. 
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CHAPTER VII 
CONCLUSIONS 
Although Strept F did not significantly suppress dollar spot or brown 
patch in field trials, the results from the laboratory studies indicate that it is an 
effective antagonist of _S. homeocarpa and R. solani. Liquid culture treatments 
of Strept F significantly suppressed the saprophytic growth of both pathogens in 
pot bioassays. The growth of R. solani was also suppressed by Strept F cell 
suspension treatments. There was complete inhibition of R. solani and JS. 
homeocarpa growth when mycelial plugs were placed on Strept F-colonized 
substrates. Furthermore, a zone of inhibition was formed between a line of 
Strept F-colonized bran, or colonized branrpeat, and a plug of either pathogen 
on NA plates. The laboratory results also give some clue as to mechanism(s) 
responsible for the antagonism observed. 
In general, Streptomvces spp. are good soil competitors, chitinolytic, and 
most noteworthy, antibiotic producers. Two likely mechanisms of antagonism 
are, therefore, competition for nutrients and production of an inhibitory 
substance(s). Because the Strept F liquid culture and cell suspension treatments 
demonstrated suppression in the pot bioassays against R. solani. competition may 
be a possible mode of antagonism. However, because the cell suspension was 
not as suppressive as the liquid culture, it is likely that an inhibitory compound is 
involved. The inhibitory compound would have accumulated in the liquid 
culture, making it initially more suppressive. The fact that some suppression was 
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observed with the supernatant, albeit the least of the three treatments and not 
significantly different from the untreated control, supports the idea that an 
inhibitory substance is involved. The plate inhibition studies also lend support to 
the involvement of an inhibitory substance(s). Especially convincing is the 
inhibition observed on the NA plates. The zone of inhibition between Strept F 
and the pathogen occurred with abundant nutrients available and without hyphal 
contact, suggesting the presence of a diffusable antifungal substance. 
These hypotheses on the mechanism of antagonism, however, are by no 
means conclusive. Not only is extensive research required to understand the 
nature of biocontrol, it is also possible that the antagonism observed in the 
laboratory is not responsible for suppression in the field. Biocontrol agents may 
have several mechanisms of antagonism, varying in prominence according to 
abiotic and biotic factors. Goodman and Burpee [1991] found that some 
antagonists which demonstrated no suppression in greenhouse studies were 
highly suppressive in the field. They speculated that the mode of antagonism of 
these organisms was not triggered by conditions in the greenhouse and warned 
that bioassays may primarily detect organisms producing inhibitory compounds, 
overlooking competitive or parasitic agents. 
It is surprising that the Strept F-colonized bran did not result in greater 
suppression of the pathogens in the pot bioassays. From the inhibition plate 
studies it is known that Strept F is antagonistic when grown on bran. It is likely, 
therefore, that when the bran is sprinkled on the pots of bentgrass the 
concentration of Strept F or its inhibitory substance(s) is not great enough to 
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result in the total suppression observed when the pathogen mycelium was placed 
directly on the bran. It may also be that the bran absorbs or adsorbs the 
inhibitory substance, not allowing it to diffuse out into the grass and sand. The 
absorbance or adsorbance by the bran would not have been evident in the plate 
studies because the pathogen was in complete contact with the bran. In the pots 
of bentgrass, the pathogen mycelium could be seen growing between the clumps 
of bran on the grass blades, apparently avoiding contact with Strept F, possibly 
indicating that antagonism occurred, but not enough for effective suppression of 
pathogen growth. However, it is important to note that the disease pressure 
from the pathogen-infested rye grain is greater than would be expected from 
normal field inoculum. The bran formulation, therefore, may be more effective 
in the field than in the bioassay, especially with repeated applications which 
were not tested in the bioassay because of contamination. 
Not surprisingly, Strept F was less suppressive in the field than in the 
controlled laboratory experiments; this is commonly the case [Elad et al., 1980; 
Marois et al., 1982]. In the 1990 field trials, the culture medium likely negated 
some of the suppressive ability of Strept F. The medium demonstrated 
conduciveness in pot bioassays and other invesitgators have found a similar 
medium effect on disease [Elad et al, 1980; Hadar et al., 1979; Jones, 1984]. 
Resuspending the Strept F propagules in a buffer solution for the 1991 trials was 
expected to increase suppressiveness by eliminating the effect of the medium. 
However, it did not. It appears, therefore, that the primary problem with the 
liquid formulation of Strept F is either 1) the lack of germination and growth of 
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Strept F propagules once they are established or 2) the survival of Strept F 
following application. 
According the studies on the ecology of Streptomyces spp. in the soil 
[Lloyd, 1969; Mayfield et aL, 1972] it is possible that when the Strept F cell 
suspension, consisting of mainly mycelial microcolonies, was applied to the plots, 
the mycelium immediately spomlated in response to low nutrient conditions. 
The spores then remained dormant without available nutrients. Negligible 
suppression would be observed because the cells were not metabolically active 
and, therefore, perhaps not competing for food or producing an inhibitory 
compound(s). This phenomenon was seen with conidia of Trichoderma spp. 
[Knudsen et aL, 1991; Bin et aL, 1991]. High recovery rates of Trichoderma spp. 
did not correlate well with biocontrol efficacy because Trichoderma spp. 
antagonism depends on hyphal growth attacking and colonizing pathogen 
propagules and the selective medium preferentially detected spores rather than 
hyphal biomass. The fact that Strept F topdressing treatments were among the 
most suppressive in three of the four field trials supports this hypothesis. The 
commeal may have supplied the nutrients needed for the germination of the 
spores and induction of the mechanism of antagonism. However, as seen with 
Trichoderma. if sporulation of the added Strept F propagules was the reason for 
the lack of suppression, there should have been an increase in the population 
size of actinomycetes in the plots treated with Strept F cell suspension. 
Streptomyces spp. in soil are difficult to enumerate because of the close 
association of the hyphae and spore chains with mineral and organic particles 
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[Lloyd, 1969; Mayfield et al., 1972]. But, because results showed a statistically 
significant decrease in population size over the summer, although unexpected, it 
appears that the recovery procedure was adequate to detect an increase in the 
population if there had been a treatment response. Also, hyphal fragmentation 
during sporulation should have increased the population size to levels beyond 
the 1 X 107 cells/ml applied. Since the population size did not increase with the 
addition of Strept F cells suggests that mycelial microcolonies of Strept F did not 
sporulate in large numbers in the soil, and therefore, sporulation was not 
responsible for the lack of disease suppression. 
In conclusion, if Strept F survived application but was not metabolically 
active, an increase in population would be expected with no disease suppression, 
as seen above with Trichoderma. On the other hand, if Strept F survived and 
was active, disease suppression would be expected but with no increase in 
population size. This was the case in a study by Rangaswami and Vidyasekaran 
[1963]. An antagonistic Streptomvces isolate effectively inhibited the 
germination of Helminthosporium sativum, a pathogen of com, but no change in 
com rhizosphere microflora was detected. Wellington et al. [1990] also reported 
on a decline in cfu of Streptomvces spp. in the soil at the same time conjugation 
was detected, which demonstrates the occurrence of metabolic activity. 
However, since neither situation was observed in this study, it appears likely that 
Strept F did not survive application. 
Most research on the ecology of Streptomvces sp. in soils have used a 
spore suspension as inoculum. A recent paper by Wang et al. [1989] has 
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addressed the fate of mycelial inoculum in the soil. The results indicate that 
mycelial inoculum added to nonsterile soil does not survive well. During the 
first 15 days after release, viable counts dropped from 106"8 to generally lCP/g 
soil. The population size stablized until day 26, but then declined to below 
detectable levels. However, viable counts of spore inoculum added to the same 
nonsterile soil also decreased over time, although more slowly. 
In this thesis, mycelium was expected to be a desirable inoculum because 
it had performed well under laboratory conditions and because it is 
metabolically active, and therefore, would be immediately effective. It was also 
assumed that evening applications to irrigated field plots would be relatively 
similar to application to moist pots of grass. However, the results suggest Strept 
F mycelium is not able to tolerate such things as dessication, cool night 
temperatures, microbial antagonism and/or competition. 
The ineffectiveness of introduced biocontrol agents in the field against 
soilbome pathogens is common for biocontrol systems. The lack of field 
suppression observed in this thesis may have been the result of a formulation 
that did not allow for the survival of Strept F in the soil. More work on the 
bran formulation and other granular formulations, possibly decreasing 
contamination and dessication by formulating the bran in a pellet, should be 
pursued using the pot bioassay. 
The liquid formulation, however, is probably not the only factor 
preventing the survival of Strept F propagules. Many researchers believe 
introducing non-indigenous organisms to the soil is predisposed to problems 
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because the native microflora is better adapted to any given soil. Yet, 
manipulations have been made on ecosystems which significantly change the 
native microflora. Melvin et al. [1988, 1989] report an increase in the 
population of actinomycetes and bacteria in turfgrass thatch after daily irrigation 
and with the addition of bio-organic fertilizers. It should be relatively simple to 
modify golf course putting greens, already under intensive management, to a 
condition that would allow Strept F to overcome natural barriers to growth and 
survival. Further study on the effect of edaphic factors, such as moisture and 
pH, on Strept F growth and survival should be pursued. 
The laboratory results indicate Strept F is a highly antagonistic isolate. It 
should not be abandoned until further research is conducted on establishing an 
active population in the soil, preferably well before disease development. 
Ultimately, a field trial should be performed using an improved formulation of 
Strept F, applied according to predictive models and results of ELISA tests, and 
on putting greens manipulated to optimize conditions for the survival and growth 
of Strept F. 
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APPENDIX A 
STREPT F INOCULUM CONCENTRATION 
TABLE A.l Concentration of Strept F propagules of the inoculum 
used in A) the substrate screening experiments and B) in 
formulation development experiments. 
A) 
B) 
Experiment 
Mean cfu X 106/ml 
liquid culture 
1 1.23 
2 1.36 
3 0.35 
4 0.27 
Chitin amendment 1.70 
Mean cfu X 106/ml 
Experiment_liquid culture 
Fresh formulation-1 0.29 
Fresh formulation-2 7.25 
Dry formulation-1 0.13 
Dry formulation-2 3.25 
Rehydrated formulation-1 3.38 
Rehedrated formulation-2 4.90 
Redvdrated formulation-3 1.93 
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APPENDIX B 
SUBSTRATE pH MEASUREMENT 
TABLE B.l Mean pH" of substrates prior to autoclaving and after 
incubation with Strept F for substrate screening experiments 
evaluating A) various substrates and B) a chitin amendment. 
A) 
Experiment 1 Experiment 2 Experiment 3 
Substrate Initial Final Initial Final Initial Final 
Bran 6.4 7.2 6.8 6.9 
Bran:Sandb 6.8 7.6 — — 6.8 6.8 
Bran:Peat 6.0 7.0 5.9 6.6 6.0 5.6 
Cornmeal:Sand 6.3 6.2 6.3 6.6 5.7 5.8 
ComDOSt 6.6 7.6 — — 6.1 6.4 
B) 
Substrate 
pH 
Initial At dav 3 At dav 5 At dav 8 
Bran 6.4 7.1 7.2 7.4 
Bran:Chitin 6.5 7.3 7.5 7.7 
Bran:Peat 5.4 6.0 6.3 6.0 
Bran:Peat:Chitin 5.5 6.2 6.4 6.0 
"Mean of three samples. 
bBran:Sand (2:1, v/v); Bran:Peat (1:1, v/v); Cornmeal:Sand (2:1, 
v/v); MassNaturalR compost. 
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APPENDIX C 
SELECTIVE MEDIUM RESULTS 
TABLE C.l Colony-forming units (cfu) of Strept F on selective 
medium agar resulting from 0.1 ml liquid culture inoculum. 
Experiment 1 
Mean cfu* X 106/ml 
Selective Medium1*_liquid culture 
Nutrient agarc 1.70 
Actinomycete Isolation agarc (AIA) 1.92 
Starch-Casein aoard_2.15 
“Mean of three replications. 
bNo growth was observed on media amended with 100 ug/ml 
ampicillin. 
c(Difco); Colonies had a white pigmentation. 
d(Kuster and Williams, 1964); Colonies had an orange 
pigmentation. 
Experiment 2 
Mean cfu® X 105/ml 
Selective Medium*1_liquid culture 
Nutrient agarc 7.40 
Starch-Casein agard 8.45 
Starch-Casein agar + chloramphenicol® 7.95 
Glycerol-Casein agard 9.18 
Glycerol-Casein agar + chloramphenicol® 7.15 
“Mean of three replications. 
bNo growth was observed on media amended with ampicillin (80 
ug/ml) or ampicillin and chloramphenicol (50 ug/ml and 10 ug/ml, 
respectively). 
cDifco. 
d(Kuster and Williams, 1964); Colonies had an orange 
pigmentation. 'Chloramphenicol (15 ug/ml); Most colonies on 
starch-casein agar had an orange pigmentation, but some had a 
gray pigmentation. All colonies on glycerol-casein agar amended 
with chloramphenicol were pigmented gray. 
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Experiment 3 
Selective Medium* * 
Mean cfu‘ X 106/m1 
liquid culture 
AIA 
AIA + cycloheximide0 
AIA -r chloramphenicol6 
2.90 
2.97 
1.00" 
*Mean of three replications. 
^No growth was observed on AIA amended with ampicillin (100 
ug/ml); chloramphenicol and cycloheximide (15 ug/ml and 100 
ug/ml, respectively); or ampicillin, chloramphenicol, and 
cycloheximide (80 ug/ml, 15 ug/ml, and 100 ug/ml, respectively). 
c100 ug/ml. 
a20 ug/ml. 
‘Approximate number; the 10'3 plates had >300 cfus and the 10'4 
plates had < 20 cfus. 
Experiment 4 
Treatment_Mean cfu‘ X lOVgram soil 
Untreated soil 2.80 
Strept F-inoculated soil*6.15 
*Mean of two replications. Cfus enumerated on AIA; four 
replications per dilution. 
*5 g soil inoculated with 1.0 ml Strept F liquid culture for 4 
days. Untreated soil was inoculated with 1.0 ml water. 
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APPENDIX D 
RESULTS OF STATISTICAL ANALYSIS 
TABLE D.l Results of analysis of variance for biocontrol agent 
screening bioassay 1. 
Source df F P > F 
Agent 1 5.15 0.0426 
Treatment 1 3.30 0.0945 
Agent X Treatment 1 0.47 0.5077 
Error 18 
Error Mean Sauare = 0.0946 
TABLE D.2 Results of analysis of variance and single-degree-of- 
freedom contrasts for biocontrol agent screening bioassay 2. 
Source df F P > F 
Agent 1 95.86 0.0001 
Treatment 8 6.53 0.0001 
Agent X Treatment 8 2.71 0.0141 
Error 53 
Error Mean Sauare = 0.0359 
Single-degree-of-freedom contrasts: 
CAIV HAI 
Source F P > F F P > F 
LC* (0.2 ml) vs Control 12.57 0.0008 2.06 0.1567 
LC (0.4 ml) vs Control 4.85 0.0321 18.10 0.0001 
CS (0.2 ml) vs Control 16.55 0.0002 9.25 0.0037 
CS (0.4 ml) vs Control 14.35 0.0004 0.05 0.8321 
SN (0.2 ml) vs Control 0.00 1.0000 0.02 0.8819 
SN (0.4 ml) vs Control 16.85 0.0001 1.71 0.1971 
Med (0.2 ml) vs Control 3.34 0.0731 2.34 0.1320 
Med (0.4 mil vs Control 6.92 0.0111 1.86 0.1789 
*LC=1iquid culture; CS=cell suspension; SN=supernatant; 
Medium=culture medium. 
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TABLE D.3 Results of analysis of variance and single-degree-of - 
freedom contrasts for biocontrol agent screening bioassay 3. 
A) Original data were used to compare the treatments of each 
biocontrol isolate with its respective control. 
Source df F P > F 
Agent 2 4.28 0.0199 
Treatment 4 6.74 0.0002 
Agent X Treatment 
Error 
Error Mean Sauare 
8 
45 
= 0.03149 
2.98 0.0092 
Single-degree-of-freedom contrasts: 
Strept F CAIV_ HAI_ 
Source_F_P > F_F_P > F_F_P > F_ 
LC'-spray vs Control 0.70 0.4072 34.07 0.0001 0.19 0.6633 
LC-pour vs Control 0.19 0.6633 6.92 0.0117 0.01 0.9368 
CS-spray vs Control 4.72 0.0352 27.45 0.0001 0.77 0.3854 
CS-pour vs Control 1.94 0.1700 13.58 0.0006_0.21 0.6,490 
B) Mean of the respective control was subtracted from the data of 
the remaining treatments for comparison of biocontrol agents and 
treatments. 
Source 
Agent 
Treatment 
Agent X Treatment 
Error 
Error Mean Sauare 
or 
2 
3 
6 
36 
- 0.0337 
34.43 
2.80 
1.43 
r > r 
0.0001 
0.0537 
0.2356 
Single-degree-of-freedom contrasts: 
Source F P > F 
LC vs CS for Strept F 2.45 0.1260 
Spray vs Pour for Strept F 0.65 0.4269 
•LC-liquid culture; CS-cell suspension. 
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TABLE D.4 Results of analysis of variance and single-degree of 
freedom contrasts for biocontrol agent screening bioassay 4. 
A) Original data were used to compare treatments of each isolate 
with its respective untreated control. 
Source df F P > F 
Agent 2 48.78 0.0001 
Treatment 6 11.06 0.0001 
Agent X Treatment 12 6.89 0.0001 
Error 61 
Error Mean Souare= 0.0414 
Singl e-degree-of-freedom contrasts: 
StreDt F CAIV HAI 
Source F F > P F F > P F F > P 
LCa-Prelb vs Control 42.74 0.0001 0.67 0.4170 1.93 0.1693 
LC-Pre2 vs Control 31.14 0.0001 8.63 0.0047 0.20 0.6528 
LC-Simul vs Control 0.53 0.4680 7.36 0.0087 4.65 0.0350 
CS-Prel vs Control 25.43 0.0001 0.01 0.9310 4.00 0.0500 
CS-Pre2 vs Control 23.74 0.0001 0.12 0.7292 2.56 0.1148 
CS-Simul vs Control 0.61 0.4370 0.01 0.9173 7.45 0.0083 
B) Mean of respective control was subtracted from the data of the 
remaining treatments for comparison of agents and treatments. 
Source df F P > F 
Agent 2 85.97 0.0001 
Treatment 5 10.45 0.0001 
Agent X Treatment 10 5.79 0.0001 
Error 52 
Error Mean Square = 0.0427 
Singl e-degree-of-freedom contrasts: 
Source F P > F 
LC vs CS for Strept F 4.14 0.0471 
Prel vs Pre2 for Strept F 0.03 0.8526 
Prel vs Simul for Strept F 65.53 0.0001 
Pre2 vs Simul for StreDt F 53.40 0.0001 
aLC=liquid culture; CS=cell suspension. 
bPrel=Biocontrol agent applied 48 hr prior to pathogen 
inoculation; Pre2=Biocontrol agent applied 48 hr prior to and 
again at the time of pathogen inoculation; Simul=Biocontrol agent 
applied simultaneous with pathogen inoculation. 
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TABLE D.5 Results of analysis of variance and single-degree-of- 
freedom contrasts for biocontrol agent screening bioassay 5. 
A). Original data used to compare treatments of each isolate with 
its respective control. 
Source df F P > F 
Agent 1 11.70 0.0018 
Treatment 4 13.72 0.0001 
Agent X Treatment 4 8.18 0.0001 
Error 30 
Error Mean Sauare ■= 0.0103 
Single-degree-of-freedom contrasts: 
Strept F CAIV 
Source F P > F F P > F 
LC*-Pre2b vs Control 16.41 0.0003 11.71 0.0018 
LC-Simul vs Control 43.10 0.0001 9.66 0.0041 
CS-Pre2 vs Control 0.96 0.3360 8.81 0.0058 
CS-Simul vs Control 21.57 0.0001 0.31 0.5805 
B) Mean of respective control was subtracted from the data of the 
remaining treatments for the comparison of agents and treatments. 
Source df F P > F 
Agent 1 11.16 0.0027 
Treatment 3 6.82 0.0017 
Agent X Treatment 3 8.73 0.0004 
Error 31 
Error Mean Square • = 0.0116 
Si ngl e-degree-of-freedom contrasts: 
Source_F_P > F 
LC vs CS for Strept F 10.91 0.0030 
Pre2 vs Simul for Strept F_16^94_0.0004 
‘LC-liquid culture; CS=cell suspension. 
bPre2-Biocontrol agent was applied 48 hr prior to and again at the 
time of pathogen inoculation; Simul=Biocontrol agent was applied 
simulataneous with pathogen inoculation. 
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TABLE D.6 Results of analysis of variance for biocontrol agent 
screening bioassay 6. 
A) Strept F 
Source df F P > F 
Treatment 2 3.33 0.0828 
Error 9 
Error Mean Sauare = 0.1226 
B) CAIV and HAI 
Source df F P > F 
Agent 1 0.06 0.8124 
Treatment 2 0.25 0.7847 
Agent X Treatment 
Error 
Error Mean Sauare = 
2 
18 
0.1150 
0.23 0.7932 
TABLE D.7 Results of analysis of variance for bioassay evaluation 
of biocontrol agent Strept F amended with three levels of chitin8, 
experiment 7. 
Source df F P > F 
Treatment 1 28.35 0.0001 
Chitin 2 0.24 0.7856 
Treatment X Chitin 2 0.59 0.5630 
Error 18 
Error Mean Sauare = 0.1590 
“Chitin amended at 0.0, 0.2, 0.4, and 0.6 g/pot. 
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TABLE D.8 Results of analysis of variance and single-degree-of- 
freedom contrasts for bioassay evaluation of various treatments of 
Strept F for pathogen suppression, experiment 8. 
Source df F P > F 
Treatment 19 11.77 0.0001 
Error 60 
Error Mean Square = 0.0160 
Singl e-degree-of-freedom contrasts: 
Source F P < F 
LC° vs CS, overall 3.29 0.0746 
LC vs SN, overall 69.77 0.0001 
CS vs SN, overall 42.75 0.0001 
LC vs CS, for 48 hr 12.84 0.0007 
Prelbvs Simul, overall 47.50 0.0001 
Prel vs Simul, for 48 hr 10.95 0.0016 
24 vs 36 hr 13.66 0.0005 
24 vs 48 hr 9.40 0.0033 
36 vs 48 hr 29.40 0.0001 
aLC=liquid culture; CS=cell suspension; SN=supernatant. 
bPrel=Biocontrol agent applied 24 hr prior to pathogen 
inoculation; Simul= Biocontrol agent applied simultaneous with 
pathogen inoculation. 
TABLE D.9 Results of analysis of variance for the bioassay 
evaluation of Strept F as a biocontrol agent amended with four 
levels of chitin0. 
Source df F P > F 
Treatment 3 83.31 0.0001 
Chitin 3 0.51 0.6798 
Treatment X Chitin 9 0.71 0.7011 
Error 48 
Error Mean Sauare = 0.0323 
“Chitin amended at 0.0, 0.2, and 0.4 g/pot. 
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TABLE D.10 Results of analysis of variance for the substrate 
screening experiments evaluating population establishment of 
Strept F. 
Experiment 1: 
Source df F P > F 
Substrate 
Error 
Error Mean Sauare = 
3 
7 
0.0079 
50.94 0.0001 
Experiment 2: 
Source df F P > F 
Substrate 
Error 
Error Mean Sauare = 
3 
8 
0.2625 
5.43 0.0248 
Experiment 3: 
Source df F P > F 
Substrate 
Error 
Error Mean Sauare ~= 
2 
6 
0.0180 
3.69 0.0904 
Experiment 4: - 
Source df F P > F 
Substrate 
Error 
Error Mean Sauare = 
4 
13 
0.1218 
26.76 0.0001 
113 
TABLE D.ll Results of analysis of variance and single-degree-of- 
freedom contrasts for Strept F population establishment on bran 
amended with peat" and chitinb over an eight day period. 
Source_df_F_P > F 
Time 
Peat 
Chitin 
Time X Peat 
Time X Chitin 
Peat X Chitin 
Time X Peat X Chitin 
Error 
Error Mean Sauare = 
2 
1 
1 
2 
2 
1 
2 
22 
0.2471 
2.93 
2.42 
2.72 
5.33 
5.07 
0.98 
2.36 
0.0743 
0.1343 
0.1130 
0.0130 
0.0155 
0.3327 
0.1183 
Single-degree-of-freedom contrasts: 
Source F P > F 
Peat vs no peat, at day 3 3.53 0.0735 
Peat vs no peat, at day 5 3.14 0.0901 
Peat vs no peat, at day 8 5.82 0.0247 
Chitin vs no chitin. at day 3 11.64 0.0025 
Chitin vs no chitin, at day 5 0.82 0.3754 
Chitin vs no chitin. at dav 8 1.44 0.2432 
"Bran:Peat (1:1, v/v). 
bChitin amended at rate of 0.2% (w/w). 
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TABLE D.12 Results of analysis of variance and single-degree-of- 
freedom contrasts for substrate screening experiments evaluating 
inhibition of the two pathogens. Substrates included bran, 
bramsand (2:1, v/v), brampeat (1:1, v/v), cornmeal :sand (2:1, 
v/v), and MassNaturalR compost. 
A) Experiment A 
R. solani 
Source df F P > F 
Strept F 1 75.92 0.0001 
Substrate 3 11.41 0.0004 
Strept F X Substrate 3 3.82 0.0324 
Error 15 
Error Mean Sauare = 0 .1455 
S. homeocarpa 
Source df F P > F 
Strept F 1 540.65 0.0001 
Substrate 3 21.96 0.0001 
Strept F X Substrate 3 3.99 0.0269 
Error 16 
Error Mean Sauare = 0 .0397 
Single-degree-of-freedom contrasts: 
(All contrasts for Strept F-colonized substrates.) 
R. solani S. homeocarpa 
Source F P > F F P > F 
Bran vs Bran:Sand 0.01 0.9329 0.85 0.3703 
Bran vs Cornmeal:Sand 2.58 0.1293 3.40 0.0838 
Bran vs Compost 25.84 0.0001 43.24 0.0001 
Bran:Sand vs Cornmeal:Sand 2.86 0.1115 0.85 0.3703 
Bran:Sand vs Compost 26.72 0.0001 31.97 0.0001 
Cornmeal:Sand vs Compost 12.10 0.0034 22.39 0.0002 
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B) Experiment B 
R. solani 
Source df F P > F 
Strept F 1 2111.16 0.0001 
Substrate 3 390.00 0.0001 
Strept F X Substrate 3 26.22 0.0001 
Error 16 
Error Mean Sauare = 0 .0063 
S. homeocarpa 
Source df F P > F 
Strept F 1 267.53 0.0001 
Substrate 3 3.42 0.0430 
Strept F X Substrate 3 23.40 0.0001 
Error 16 
Error Mean Sauare = 0 .0551 
Single-degree-of-freedom contrasts: 
(All contrasts for Strept F -colonized substrates.) 
R. solani S. homeocarpa 
Source F P > F F P > F 
Bran:Sand vs Bran:Peat 0.26 0.6145 0.00 1.0000 
Bran:Sand vs Cornmeal:Sand 2.37 0.1429 3.60 0.0737 
Bran:Sand vs Compost 501.57 0.0001 39.68 0.0001 
Bran:Peat vs Cornmeal:Sand 1.06 0.3195 3.66 0.0737 
Bran:Peat vs Compost 478.83 0.0001 39.68 0.0001 
Cornmeal:Sand vs Compost 434.92 0.0001 19.23 0.0005 
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C) Experiment C 
R. solani 
Source df F P > F 
Strept F 1 82.16 0.0001 
Substrate 3 0.26 0.8508 
Strept F X Substrate 3 2.72 0.0813 
Error 15 
Error Mean Sauare = 0 .1798 
S. homeocarpa 
Source df F P > F 
Strept F 1 48.27 0.0001 
Substrate 3 3.21 0.0533 
Strept F X Substrate 3 5.73 0.0081 
Error 15 
Error Mean Sauare = 0 .0998 
Sing!e-degree-of-freedom contrasts: 
(All contrasts for Strept F -colonized substrates.) 
R. solani S. homeocarpa 
Source F P > F F P > F 
Bran vs Bran:Sand 1.82 0.1977 0.71 0.4142 
Bran vs Bran:Peat 0.00 0.1429 0.34 0.5696 
Bran vs Cornmeal:Sand 0.75 0.3999 0.51 0.4882 
Bran:Sand vs Bran:Peat _ 1.82 0.1977 0.07 0.7996 
Bran:Sand vs Cornmeal:Sand 0.23 0.6372 0.02 0.8988 
Bran:Peat vs Cornmeal:Sand 0.75 0.3999 0.02 0.8989 
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TABLE D.13 Results of analysis of variance and single-degree-of- 
freedom contrasts for the evaluation of Strept F-colonized bran 
formulation suppression of Rhizoctonia solani. 
A) Experiment FRESH 1 
Source_df_F_p > F 
Treatment 4 22.11 0.0001 
Error 15 
Error Mean Square = 0.0036 
B) Experiment FRESH 2 
1. Original data used to compare treatments of each incubation 
time with its respective control. 
Source df F P > F 
Time (incubation) 1 524.46 0.0001 
Treatment 6 17.86 0.0001 
Time X Treatment 6 1.51 0.1985 
Error 40 
Error Mean Sauare = 0.0038 
Singl e-degree-of-freedom contrasts: 
Incubation time 
48 hr 64 hr 
Source F P > F F P > F 
Blended-1.0 ml inoculum vs Control 35.29 0.0001 10.98 0.0020 
Blended-0.5 ml inoculum vs Control 46.98 0.0001 30.07 0.0001 
Blended-0.1 ml inoculum vs Control 46.20 0.0001 9.87 0.0032 
Unblended-1.0 ml inoc. vs Control 40.93 0.0001 27.02 0.0001 
Unblended-0.5 ml inoc. vs Control 47.77 0.0001 19.85 0.0001 
Unblended-0.1 ml inoc. ' vs Control 31.85 0.0001 15.09 0.0004 
2. Mean of respective control was subtracted from the data of each 
time period for comparison of time and treatments. 
Source df F P > F 
Time (incubation) 1 34.58 0.0001 
Treatment 5 1.39 0.2532 
Time X Treatment 5 0.95 0.4624 
Error 34 
Error Mean Sauare = 0.0035 
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C) Experiment 3: DRY 1 
D) 
E) 
Source df F P > F 
Treatment 
Error 
Error Mean Sauare = 
2 
15 
0.0105 
48.79 0.0001 
Experiment 4: DRY 2 
Source df F P > F 
Treatment 
Error 
Error Mean Sauare = 
2 
15 
0.0135 
3.08 0.0756 
Experiment 5: REHYDRATED I 
Source df F P > F 
Treatment 1 32.85 0.0012 
Error 6 
Error Mean Sauare = 0.0059 
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F) Experiment: REHYDRATED 2 
1. Original data used to compare treatments within each 
rehydration time with the respective control. 
Source df F P > F 
Time (rehydration) 3 216.95 0.0001 
Treatment 2 32.76 0.0001 
Time X Treatment 
Error 
Error Mean Sauare = 
6 
36 
0.0106 
9.02 0.0001 
Single-degree-of-freedom contrasts: 
Source_ 
0 hr rehydration: 0 ml water vs Control 
1 ml water vs Control 
24 hr rehydration: 0 ml water vs Control 
1 ml water vs Control 
36 hr rehydration: 0 ml water vs Control 
1 ml water vs Control 
48 hr rehydration: 0 ml water vs Control 
1 ml water vs Control 
F P > F 
1.62 0.2111 
0.00 1.0000 
5.80 0.0212 
2.09 0.1570 
19.71 0.0001 
33.83 0.0001 
51.73 0.0001 
59.96 0.0001 
2. Mean of respective control subtracted from each rehydration 
time data for comparison of treatments and rehydration times. 
Source df F P > F 
Time (rehydration) 3 50.23 0.0001 
Treatment 1 1.24 0.2760 
Time X Treatment 
Error 
Error Mean Sauare = 
3 
24 
0.0106 
1.16 0.3462 
Si ngle-degree-of-freedom contrasts: 
Source F P > F 
Rehydration time: 0 vs 24 hr 12.99 0.0014 
0 vs 36 hr 65.86 0.0001 
0 vs 48 hr 130.29 0.0001 
24 vs 36 hr 20.35 0.0001 
24 vs 48 hr 61.00 0.0001 
36 vs 48 hr 10.88 0.0030 
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G) Experiment: REHYDRATED 3 
1. Original data used to compare treatments within each 
rehydration time with the respective control. 
Source df F P > F 
Time (rehydration) 1 1.63 0.2176 
Treatment 2 22.67 0.0001 
Time X Treatment 2 0.30 0.7471 
Error 18 
Error Mean Sauare = 0.0061 
Single-degree-of-freedom contrasts: 
48 hr rehvdration 64 hr rehvdration 
Source F P > F F P > F 
0.1 ml inoculum vs Control 19.19 0.0004 25.13 0.0001 
0.2 ml inoculum vs Control 6.17 0.0231 12.73 0.0022 
2. Mean of respective control subtracted from each rehydration 
time data for comparison of treatments and rehydration times. 
Source df F P > F 
Time (rehydration) 1 1.87 0.1966 
Treatment 1 6.94 0.0218 
Time X Treatment 1 0.13 0.7280 
Error 15 
Error Mean Square = 0.0049 
3. Comparison of treatments for 48 hr rehydration time only. 
Source df F P > F 
Treatment 4 10.02 0.0004 
Error 15 
Error Mean Sauare = 0.0044 
TABLE D.14 Results of repeated measures analysis of variance for 
the evaluation of the storage potential of Strept F-colonized 
bran. 
Source_df_F_P > E— 
Time 7 6.45 0.1186 
Error 14 
Error Mean Square = 0.1990 
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TABLE D.15 A) Results of analysis of variance for square root 
transformed data and B) standard deviations (SD) of untransformed 
data for the 1990 dollar spot field trial. 
A) 
B) 
Source_df_F_P > F 
Treatment 23 1.72 0.0441 
Block 3 7.83 0.0001 
Error 69 
Error Mean Square = 1.2058 
Treatment_SD_ 
Chemical 1.29 
Strept F-Concentrate liquid culture-21d + N 2.63 
HAC-Medium-21d + N 7.04 
Strept F-Topdressing 8.54 
Strept F-Dilute liquid culture-21d + N 2.45 
YMLG-Medium-21d + N 10.03 
Untreated control + N 2.65 
HAC-Medium-21d 2.87 
Strept F-Dilute liquid culture-21d 4.08 
HAC-Medium-7d 7.77 
CAIV-Topdressing 4.32 
Control-Topdressing ' 2.87 
Strept F-Concentrate liquid culture-21d 8.45 
Strept F-Concentrate liquid culture-7d 8.18 
Untreated control 4.11 
CAIV-Dilute liquid culture-21d + N 6.29 
CAIV-Concentrate liquid culture-21d 15.47 
CAIV-Dilute liquid culture-21d 4.50 
YMLG-Medium-7d 20.69 
CAIV-Concentrate liquid culture-21d + N 6.68 
YMLG-Medium-21d 8.54 
CAIV-Dilute liquid culture-7d 15.33 
CAIV-Concentrate liquid culture-7d 5.44 
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TABLE D.16 A) Results of analysis of variance for arcsine 
transformed data and B) standard deviations (SD) of untransformed 
data for the 1990 brown patch trial. 
A) 
Source df F P > F 
Treatment 7 3.07 0.0217 
Block 3 0.38 0.7677 
Error 21 
Frror Mean Sauare = 0.0097 
B) 
Treatment SD 
Chemical 0.00 
Strept F-Topdressing 2.34 
Strept F-7d 5.39 
Untreated control 4.05 
YMLF-Medium-21d 3.52 
Strept F-21d 1.00 
Control-Topdressing 4.77 
YMLG-Medium-7d 6.31 
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TABLE D.17 Results of the analysis of variance for the spring 
1991 rating of dollar spot plots treated in 1990. 
Source df F P > F 
Treatment 23 1.43 0.1277 
Block 3 3.27 0.0263 
Error 69 
Error Mean Sauare = 1.1609 
TABLE D.18 Results of analysis of variance for the initial 
disease rating of 1991 dollar spot plots prior to treatment 
application. 
Source df F P > F 
Treatment 10 0.63 0.7763 
Block 4 1.36 0.2633 
Error 40 
Error Mean Sauare = 1.7997 
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TABLE D.19 A) Results of analysis of variance for square root 
transformed data and B) standard deviations of untransformed data 
for the 1991 dollar spot trial ratings. 
A) 
July 2 rating 
B) 
Source df F P > F 
Treatment 10 5.38 0.0001 
Block 4 4.47 0.0044 
Error 40 
Error Mean Sauare = 2.3887 
July 9 rating 
Source df F P > F 
Treatment 
Block 
Error 
Error Mean Sauare 
10 
4 
40 
= 3.6892 
8.22 
3.28 
0.0001 
0.0203 
Julv 16 ratina 
Source - df F P > F 
Treatment 
Block 
Error 
Error Mean Sauare 
10 
4 
40 
= 3.0809 
6.70 
3.50 
0.0001 
0.0152 
Treatment 
Standard deviations 
Julv 2 Julv 9 Julv 19 
Chemical 0.89 0.00 0.00 
Strept F-7d 15.04 40.28 2.97 
Strept F-7d + N 20.77 25.18 1.92 
Strept F-21d + N 22.52 27.73 2.07 
Strept F-Topdressing + N 9.09 27.88 1.87 
Untreated control 18.05 32.47 1.58 
Control-Topdressing 29.59 59.61 2.70 
Strept F-Topdressing 18.98 30.66 2.00 
Untreated control + N 17.70 9.90 1.82 
Strept F-21d 15.38 32.13 1.92 
Control-ToDdressina + N 15.32 10.90 0.71 
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TABLE D.20 A) Results of analysis of variance for arcsine 
transformed data and B) standard deviations of untransformed data 
for the 1991 brown patch trial ratings. 
A) 
July 23 rating 
Source df F P > F 
Treatment 5 8.64 0.0002 
Block 4 5.52 0.0037 
Error 20 
Error Mean Sauare < = 0.0036 
Julv 25 ratina 
Source df F P > F 
Treatment 5 20.15 0.0001 
Block 4 2.07 0.1226 
Error 20 
Error Mean Sauare > = 0.0021 
Julv 16 ratina 
Source df F P > F 
Treatment 5 13.71 0.0001 
Block 4 1.84 0.1610 
Error 20 
Error Mean Sauare > = 0.0037 
B) 
Standard deviation 
Treatment Julv 23 Jul v 25 Auaust 1 
Chemical 0 .00 0.00 0.00 
Control-Topdressing 1 .19 1.75 1.72 
Strept F-7d 1 .13 1.22 3.38 
Strept F-21d 1 .91 2.11 2.28 
Strept F-Topdressing 4 .14 1.31 3.80 
Control 5 .85 1.52 3.39 
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TABLE D.21 Results of repeated measures analysis of variance for 
square root transformed data of Strept F population dynamics in 
the A) dollar spot trial plots and B) brown patch trial plots. 
A) 
Source df F P > F 
Treatment 10 0.24 0.9894 
Block 4 0.69 0.6057 
Error 38 
Error Mean Square = 0.3175 
Time 1 17.82 0.0001 
Time X Treatment 10 1.60 0.1433 
Time X Block 4 1.78 0.1529 
Error 38 
Error Mean Sauare = 0.0864 
B) 
Source df F P > F 
Treatment 5 0.91 0.4934 
Block 4 1.39 0.2722 
Error 20 
Error Mean Square = 0.3187 
Time 3 3.65 0.0174 
Time X Treatment 15 0.78 0.6904 
Time X Block 12 0.92 0.5372 
Error 60 e 
Error Mean Sauare = 0.0742 
127 
TABLE D.22 Results of Pearson’s correlation analysis of disease 
incidence and Strept F population dynamics for A) dollar spot 
trial plots and B) brown patch trial plots. 
A) 
Disease Ratings 
PoDulation samplings 7/2 7/9 7/16 
July 10 -0.1675 
0.2305 
-0.0923 
0.5108 
-0.0636 
0.6508 
July 31 -0.0369 
0.7929 
0.0329 
0.8149 
0.1036 
0.4605 
B) 
Disease Ratings 
PoDulation samplings 7/23 7/25 8/1 
July 3 0.0902 
0.6356 
-0.0099 
0.9583 
0.1619 
0.3927 
July 17 -0.1071 
0.5733 
-0.2111 
0.2626 
-0.0886 
0.6417 
July 29 -0.1378 
0.4678 
-0.0293 
0.8779 
0.0196 
0.9179 
August 16 -0.1631 
0.3892 
-0.1272 
0.5029 
-0.0686 
0.7189 
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